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FOREWORD 



The Mid-America Vocational Curriculum Consortium (MAVCC) was organized for the 
purpose of developing instructional material for the eleven member states. Priorities for 
developing MAVCC material are determined annually based on the needs as identified by all 
member states. One priority identified was basic'electronics. This publication is a part of a 
project designed to provide the needed instructional material for basic electronics programs. 

The_success of this publication is.d,ue,JnJarge part, to^the capabilities of the~personnel 
who worked with.its development. The technical writers have numerous years of industry as 
well as teaching experience. Assisting them in their efforts.were representatives of each of 
the member states who brought with them technical expertise arid the experience related to 
the classroom and to the trade. To assure that the materials would parallel the industry 
environment and be accepted as a transportable basic teaching tool, organizations and 
industry representatives were involved in the developmental phases of the,manual. Appre- 
ciation is extended to them for their valuable contributions. 
<• 

This publication is designed to assist teachers in improvingjnstruction. As these publi- 
cations are used, it is hoped that the student performance will improve and that students 
will be better able to assume a role in their chosen occupation, basic electronics. 

Instructional materials in this publication are written in terms of student performance 
using measurable objectives. This is an innovative approach to teaching that accents and 
augments the teaching/learning process. Criterion referenced evaluation instruments are 
provided for Qniform measurement of student progress. In addition to evaluating recall 
information, teachers are encouraged to evaluate the other areas including process and 
product as indicated at the end of each instructional unit. 

It is the sincere belief of the MAVCC personnel and all those members who served 
on the committee that this publication will allow the students to become better prepared* 
and more effective members of the work force. * 
* 

\ 

David Merriil, 
Chairman 
Boar<^ of Directors 
Mid-America Vocational 
Curriculum Consortium 



PREFACE 



For many years those responsible for teaching basic electronics have felt a need for 
instructional materials to use in this area. A team of teachers, industry representatives, and 
trade and industrial education staff members accepted this challenge 4 and have produced 
manuals which will meet the needs of many types of courses where students are expected to 
become proficient in the area of electronics. The MAVCC Basic Electronics II publication is 
designed to include the basic information needed to be able to attain that proficiency. 

As with al! efforts of this nature, feedback from the instructors- selected to use these 
curriculum materials will greatly, assist MAVCC in evaluating its effort and contribute 
significantly to plans for future material development. 

Every effort has been made to make this publication-basic, readable and by all mfeans, 
usable. Three vital parts of instruction have been inteationally omitted from t'ms puS^ica- 
tion: motivation, personalization, and localization. These areas are left to the individual 
instructors and the instructors should capitalize on them. Only then will this publication 
really become a vital part of the teaching-learning process.. 



Ann Benson 
Executive Director, 
Mid-America Vocational 
Curriculum Consortium, Inc. 

for the MAVCC Board of Diioctors: „ 

David Merrill, Chairman, South Dakota 

Merle Rudebusch, Vice-Chairman, Nebraska 

Jim Dasher, Arkansas 

Bill Barnej, Colorado 

Ed Hankins, Kansas 

Amon Herd, Missouri 

David Poston, Louisiana 

Bob Patton, Oklahoma 

Pat Lindley, Texas 

Larry Barnhardt, North Dakota 

Alan Morgan, New Mexico 
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USE OF THIS PUBLICATION 



Instructional Upits 

* The ffas/c Electronics II curriculum includes 15 units. Each instructional unit includes 
some or all of the .basic components of a unit of instruction: performance objectives, 
suggested activities for teachers arid students, information sheets, assignment sheets, visual 
aids, tests, and answers to the test." Units are planned for mor6 than one lesson or class 
period of instruction. 

Careful study of each instructional unit by the teacher will help to determine: 

A. The amount of material that can be covered in each class period 

B. The skills which must be Remonstrated 
1. Supplies needed 

* ». 2. Equipment needed . - 

3. Amount of practice needed 

4. Amount of class time, needed for demonstrations' 

C. Supplementary materials such as pamphlets or filmstrips that must be ordered 
0 D. Resource people yvho must be contacted 



Objectives 



Each unit of instruction is based on performance objectives. These objectives state the 
pals of the course, thus providing a sense of direction and accomplishment for the student 

Performance objectives ajre stated jn twa forms: .unit objectives, stating the subject 
matter to be coverecfinVunit of instruction; and specific objectives, stating the student per- 
formance necessary to reach the unit objective. ^ 

Since the objectives of the unit provide direction for the teaching:learning process, it 
is important for the teacher and students to have a common understanding of the intent of 
the objectives. A linaited number of performance terms have been used in the objectives for 
this curriculum to ajsist in promoting the, effectiveness of the communication among all 
■ndividuakusing the materials/ 

« « 

Following is a list of performance terms and their synonyms which may have been used 
in this material': 



Name 
Label 

List in writing 

List orally 

Letter 

Record 

Repeat 

Give 



Identify 

Select 

Mark* 

Point out 

Pick out 

Choose 

Locate 



Describe — 
Define 

Discuss in writing 
Discuss orally 
Interpret 
Tell how 
Tell what 
Explain 



Order 

Arrange 

Sequence 

List in Qrder 

Classify 

Divide 

Isolate 

Sort 



Distinguish 
Discriminate 



Construct 

Draw 

Make 

Build 

Design 

Formulate 

Reproduce 

Transcribe 

Reduce 

Increase 

Figure 



Demonstrate 


Additional Terms Used 




Show your work 


Evaluate « T 


Prepare 


Show procedure 


Complete 


Make , 


Perform an experiment 


.Analyze 


Read 


Perform the steps 


Calculate 


Tell 


Operate 


Estimate 


Teach 


Remove 


Plan * 


Converse 


Replace 


Observe 


Lead 


Turn off /on 


Compare 


State 


(Dis) assemble 


Determine 


Write 


(Dis) connect 


u Perform 





Reading of the objectives by the* student should be .followed by a class discussion to 
answer any questions concerning performance requirements for each instructional unit. 

Teachers shoufci feel free to add objectives which will fit the material to the needs of 
the students and community. When .teachers add objectives, they should remember to 
supply the needed information, assignment and/or job sheets, and criterion tests. 

Suggested Activities for the Instructor: * ^ 

* \ 

Each unit of instruction has a suggested activities sheet outlining steps to follow in 
accomplishing specific objectives. Duties'of instructors will vary according to the particular 
unit; however, for best use of the material they should include the following: provide 
students with objective sheet, information sheet, assignment sheets, and job sheets; preview 
filmstrips, make transparencies, and arrange for resource materials and people; discuss unit 
and specific objectives and information sheet; give test, teachers are encouraged to use any 
additional instructional activities and teaching methods to aid students in accomplishing the 
objectives. * ' . 

Information Sheets 

Information sheets provide content-essential for meeting the cognitive (knowfedge) ob- 
jectives in the unit. The te 4 acher will find that the information sheets, se'rve as an excellent 
guide for presenting the backg^pjjnd knowledge necessary to develop the skill specified In 
the unit 'objective. v ^' \ 

Students should read the information sheets before the information is discussed in 
class. Students may take additional notes on the information sheets. 
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Transparency Masters * 

Transparenjcy masters provide information in a special way. The students may see as 
well as hear the material being presented, thus reinforcing the learning process. Tiansparen 
cies may present new information or they may reinforce information presented in the in- 
formation sheets. They are particularly effective when identification is necessary. 

Transparencies should be. made and pimped in the notebook where they will be imme- 
4 diately available for use. Transparencies direct the class's attention to the topic of discus- 
sion. They should be left" on the screen only when topics shown are under discussion. 

Job Sheets ' * „ 

Job sheets are an important segment of each unit. The instructor should be able to 
and in most situations should demonstrate the skills outlined !n the job sheets/ Procedures 
outlined in the job sheets give direction to tfie skill Being taught and allow both student anil 
teacher to check student progress toward the accomplishment of the skill. Job sheets 
provide a ready outline for students to follow if they have missed a demonstration. Job 
sheets also furnish potential employers with a picture of the skills being taught and. the 
performances which might reasonably be expected from a person who has had this training. 

Assignment Sheets g 

Assignment sheets give direction to study and furnish practice for paper and pencil 
activities to develop the knowledges which are necessary prerequisites to skill development. 
These may be given to the student for completion in class or used for homework assign- 
ments. Answer sheets are provided which may be used by the student and/or teacher for 

checking student progress. 
« 

♦ V 

Test and Evaluation ^ 

Paper-pencil and performance tests have besn^construCted to measure student achieve- 
ment of each objective listed in the unit of instruction. Individual Test items may be pulled 
out and used as a short test to determine studerjf achievement of a particular objective. This 
kind or testing may be used as a daily quiz ana will help the teacher spot difficulties being 
encountered by students in their efforts to accomplish the unit objective. Test items for ob- 
jectives added by the teacher should be constructed and acided to the test. 4 

Test Answers 

Test answers are provided for each unit. These may be used by the teacher and/or 
student for checking student achievement of the objectives. 



BASIC ELECTRONICS 



INSTRUCTIONAL/TASK ANALYSIS 



JOB TRAINING: Whatthe ..- ' 

Worker Should Be Able to Do 

(Psychomotor) , ' 

UNIT I: REVIEW OF THE NATURE 
' • OF MATTER AND THE P-N JUNCTION 

1. Terms 



RELATED INFORMATION: What 
the Worker Should Know 
(Cognitive) 



2. Components of an atomic model 

3. Types of bonding 

4. Semiconductor crystal structures 

5. Majority and minority carriers 

6. Components of a P-N junction 
7.. P-N junction polarity 

8. P-N junction characteristic curves 



9. Draw schematic symbols 

10. Perform static test on semi-conductor 
diodes 



11. Plot characteristic curves 



UNIT II: RECTIFIERS 

1. Terms 



2. Input and output waveforms 

* s> 

3. Formulas for average and DC 
output voltage 

4. Conventional full-wave rectifiers 
and full-wave bridge rectifiers * 

5. Formulas for average ahd peak DC 
output voltage 

6. DC output voltage of a multiplier 
circuit 



7» iculate average DC voltage 

8. Draw current flow in a specified rectifier 
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JOB TRAINING: What the 
Worker Should Be Able to Do 
(Psychomotor) 

__9. Construct and test a half-wave rectifier 
circuit 

10, Construct and test a full-wave bridge- 
rectifier circuit 

1 1. "Construct a nd'test a voltage double r 

circuit 



RELATED INFORMATION: What 
the Worker-Should Know 
(Cognitive) 



UNIT III: FILTERS 

1. Terms 



2. Purposes of filters 

3. Voltage waveshapes 

4. Basic filter types 

5. Basic filter configurations 

6. Ripple factor 



7. CalculatQ^ipple factor and percept 
regulation 



8. m Construct and test a capacitor filter circuit 

9. Construct and test a Pi-section filter circuit 

UNIT'lV: SPECIAL SEMICONDUCTORcDIODES 

^ * 1. Terms 

2. Schematic symbols 

3. Components of a zener diode 

4. Applications of zener diodes 

5. Components of tunnel diodes 

6. Applications of tunnel diodes 

a 7. Bias voltage and barrier capacitance 

in varactor diodes 

8. Applications of varactor diodes 

9. Instantaneous forward current in 
light-emitting diodes 

10. Applications of light-emitting 
diodes" 
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XVI 



JOB TRAINING: What the 
Worker Should Be Able to Do 
(Psychomotor) 



RELATED INFORMATION: What 
the WorkercShould Know 4 
(Cognitive) . 



UNHW: TRANSISTORS 

-1. Terms 



2: Basics of PNP a/id NPN transistors 

3. Major uses of transistors 

4. Voltage drop for germanuim and 
silicon transistors 

5. Biasing arrangements for PNP and 
NPN transistors 

6. Typical types of transistors 



7. Label a transistor circuit 

8. Test transistors 



UNIT VI: BIPOLAR-JUNCTION 
TRANSISTOR CIRCUITS 



1. Terms 

2. Basic types of transistor circuits 

3. Circuit current gain 

4. Gain characteristics 

,5. Signal voltage phase reversal 

6. Applications of transistor circuits 

7. Imped&nces for basic transistor 
circu its 



8. Compute stage gain in decibels 

9. Construct and test a common-emitter circuit 

10. Construct and test a common-base circuit 

11. Construct and test a co»mmon-collector» 
circuit 

1 2: Plot a transistor output characteristic curve 



XVII 



JOB TRAINING: What the 
Workers Should Be Able to Do 
(Psychomotor) 



RELATED INFORMATION: What 
the Worker Should Know 
'Cognitive) 



'UNIT VII: TRANSISTOR AMPLIFIER3 

1. Terms 



2. Voltage divider bias circuit 

3. Leakage current 

4. Classes of amplifiers 
Class B push-pull amplifiers 
Darlington-pair circuits 



Common-emitter Class A amplifier 
circuits 



8. Types of coupling 

9. Stage gains in overafl amplifier gain 

10. Load-line 

1 1. Multistage-amplifier circuits 



12. Test a single-ended amplifier 

13. Test a push-pull amplifier 

14. Test a two stage amplifier 

15. Test a Darlington-pair amplifier 

UNIT VIII: OPERATIONAL AMPLIFIERS 

1. Terms 



2. Categories of integrated circuits 

3. Characteristics of invertina and 
noninverting operational amplifiers 



4. DC summing inverting and 
differential amplifiers 



5. Calculate closed-loop gain 

6. Calculate output voltage - 

7. Construct and test an inverting amplifier 

8. * Construct and test a noninverting amplifier 

9. Construct and test a DC summing inverting 
amplifier 

10. Construct and test a differential amplifier 



XVIII 
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JOB TRAINING: What the 
Worker Should Be Able to Do 
(Psychomotor) 



RELATED* INFORMATION: What 
the Worker Should Know 
(Cognitive) 



UNIT IX 



1. Terms 

2. Schematic symbols 

3. Truth tables 

4. Construct and test an IC "AND" gate circuit 

5. Construct and test aalC "OR" gate circuit 

6. Construct and test an IC "NAND" gate circuit 

7. Construct and test an IC n Exclusive-OR" 

gatecircuit « 

8. Construct and test a diode "AND" gate 
circuit 

9. Construct and test a diode-transistor "NOR" 
gate circuit 

UNIT X: LOGIC SYSTEMS 

1. Terms 

2. Binary numbers 

3. Truth table for half-adder 

4. Multivibrators 

5. Convert decimals to BCD 

«> 

6. Add binary numbers 

7. Construct and test a four-bit shift register 

UNIT XI: SPECIAL SEMICONDUCTOR DEVICES 

1. Terms 

■ — 2. SCR characteristic curves 



3. Triacs 

4. Diac applications 

5. Thermistor types 

6. UJT characteristic curves 

7. JFET characteristic curves 



XIX 
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JOB TRAINING: What the RELATED INFORMATION: What 

Worker Should Be Able to Do . the Worker Should Know 

(Psychomotor) « (Cognitive) 

8. Types of MOFETs 

9. Types of IGl"ETs 

10. Construct and test silicon- 
controlled rectifier circuits 

11. Corstruct and test a unijunction 
transistor relaxation oscillator 



1 2. Construct and test a field-effect 
transistor amplifier 

13. Construct and test a thermistor- 
control circuit 

i UNIT XII: OSCILLATOR^ 

1 . Terms 

2. Oscillator schematic diagrams 

3. Construct and test a Hartley oscillator 

UNIT XIII: TRANSMITTERS 

1. <Terms 

2. CW transmitter stages 

3. AM broadcast transmitter stages 

4. FM broadcast transmitter stages 

5. Television transmitting system 
* stages 

6. Characteristics of antennas 

7. Calculate wavelength and antenna length 

UNITXIV: RECIEVERS 

1. Terms 

# 

2. AM receiver stages 

3. FM receiver stages 

4. Frequency ranges 

*• 

5. FCC responsibilities 

17 



JOB TRAINING: What the 
Worker Should Be Able to Do 
(Psychomotor) 



RELATED INFORMATION: What 
the Worker^Should Know 
(Cognitive) 

6. RF amplifier stages 

7. Output frequencies 

8. IF amplifier stages 

9. Limiter stage 

10. FM detection-circuits 



1 1 . Locate and identify the major stages of 
AM/FM receivers 
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UNIT XV: ELECTRON TUBES 
1 . Terms 



2, Schematic symbols \ 1 

3, Pin numbers 

4, Vacuum tube characteristic curves 



5. Construct and test a vacuum tube diode 
circgit 
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review of the nature of matter 
and the p-n junction 
Unit i 



UNIT OBJECTIVE 

After completion of this unit the student should 'be able to match terms and definitions 
associated with matter and the P-N junction,.describe the forward and reverse characteristics 
of a P-N junction diode, construct and test a semiconductor diode circuit and plot the diode 
characteristic curves. This knowledge will be evidenced by correctly performing the pro- 
cedures outlined in the job sheet and by scoring 85 percent on the unit test.^ 

SPECIFIC OBJECTIVES 

«» 

After completion of this unit, the student should be able to: 0 

1. Match terms related to the nature of matter and the P-N junction with their 
correct definitions. 

2. Label the nucleus, protons, neutrons, electrons, and the valence shell of an atomic 
model. 

3. Match types of bonding with their materials. 

4. Identify semiconductor crystal structures. 

5. State the majority and minority carriers and their electrical polarity in N-type and 
P-type semiconductors. 

6; Complete a list of four methods and techniques used to manufacture a P-N 
junction. 

7. Sketch a^P-N junction and label the P material, the N material, the depletion 
- region, and the barrier potential showing voltage ranges for the silicon and ger- 
manium diodes. 

8. Label the proper polarity for a reverse-biased P-N junction and a forward-biased 
P-N junction. 

9. Draw the schematic symbol for a diode, label the cathode, the anode and show 
the electrical polarity of each terminal to forward bias the device.' 

10. Identify, from the P-N junction diode characteristic curves, the forward^bias 
region, the reverse-bias region, the majority carriers, and the minority carriers. 

11. Demonstrate the ability to: * 

a. Perform a static test on semiconductor diodes. 

b. Test a semiconductor diode and plot the characteristic curves. 
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' REVIEW OF THE NATURE OF MATTER 
AND- THE P-N JUNCTION 
UNIT I 

SUGGESTED ACTIVITIES. 

Provide student with objective sheet. 

Provide student with information and job sheets. 

Make transparencies. * 

Discuss unit and specific objectives. • 
Discuss information sheets. 

Demonstrate and discuss the procedures outlined in the job sheets. 
Give test. 

INSTRUCTIONAL MATERIALS 

Included in this unit: ^ * 

A. Objective sheet - . 

B. Information sheet 

C. Transparency masters * 

1.. TM 1 -Atomic Model 

2. TM 2-Semiconductor Crystal Structures 

3. TM 3--P-N Junction ( , 

4. TM 4--Forward and Reverse Bias 

5. TM 5-P-N Junction Diode Characteristic Curves 

D. Job sheets , 

1. Job Sheet #1 -Perform a Static Test of Semiconductor Diodes 

2. Job Sheet #2~Test a Semiconductor Diode and Plot the Characteristic 
Curves 

F. Test 

G. Answers to test 

Reference-Grob, Bernard. Basic Electronics, third Edition. New York: McGraw- 
Hill, 1971. 

20 
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REVIEW OF THE N ATM RE OF MATTER 
AND THE P-N JUNCTION 
UNIT I . 



INFORMATION SHEET 



Terms and definitions 

A. Atom-The smallest particle of an element containing electrons, protons, and 
neutroTtf* 

B. Nucleus-The core of the atom which contains two major particles, pro- 
tons and neutrons 

C. Proton-An elementary atomic particle within the nucleus with a posi- 
tive electrical charge 

D. Electron-An elementary atomic particle in orbit around the nucleus with a 
neg^t|/e electrical charge 

E. Neutrcn-An elementary atomic particle within the nucleus with ho electrical 
charge 

F. Shell-One of the orbital or energy levels of the electrons about the nucjeus 

G. Valence number--The number of electrons in the outermost orbital shell 
(valence shell) jo.f ah atom 

H. Covalent bonding : "-Two or more atoms sharing electrons in their outer 
shell to form a stable molecule 

I. Intrinsic material--A pure crystal of a material 

J. Extrinsic material-An intrinsic material to which an impurity has been 
added . 

K. Insulator-A material with very few or no free electrons in the valence shell % 

(NOTE: This normally includes Valence Groups I to III.) 

L Conductor-A material that has 1 or 2 electrons in the valance shell that are 
not tightly bound to the nuclei 

(NOTE: This normally includes Valence Groups II to VIII.) 



M. Semiconductor--A material in. which the valence shell is partially filled with 
electrbn^ which can be. removed, when some form of energy is applied to the 
material 

(NOTE: This normally includes Valence Group IV.) 
N. Doping-The process of^dding impurities to an intrinsic material 



INFORMATION SHEET 

_._Qs P " N junction-The region where N-type and P-type semiconductor material 
join together 

P. Bias-External electric potential (voltage) applied to a P-N junction 

Q. Diode--A two-terminal device consisting of a P-N junction which allows 
majority carriers to flow in one direction 

R. Bonding-The holding together of atoms to form a molecule 
S. Majority 'carriers-Electrons in N-type material and holes in P-type material 
T. Minority. carriers-Electrons in P-type material and holes in N-type material 
U. Holes-The absence of electrons in a covalent bond 

V. Peak inverse voltage (PIV or PRV)-The maximum reverse-bias voltage 
which can be applied to a P-N junction without damage to the junction 

W. Depletion region-The junction area that has no free charges . 

II. Atomic model (Transparency 1) 

A. Nucleus 

B. Proton 

C. Neutron 

D. Election 

' E. Valence shell 

III. Types of bonding and their materials 

A. Covalent-lnsulators and semiconductors 

B. Jonic-Gases , 1 

C. . Metallic-Conductors 

IV. Semiconductor crystal structures (Transparency. 2) 

A. Intrinsic-Pure semiconductor crystal 

B. Extrinsic--N-type semiconductor crystal 
, 1, Impurity 

2. Free electron 

22- 
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INFORMATION SHEET 

'C. Extrinsic-P-type semiconductor crystal^ *° 

1, Impurity „ « 
" 2. Hole 

V. - Majority and minority carriers and their electrical polarity 

A. N-type ft 

. 1. Majority carriers-Electrons, negative charge 

2. Minority carriers-Holes,, positive charge 

B. P-type 

1. Majority carriers-Holes, positive charge 

2. Minority carriers-Electrons, negative charge 
VI; P-N junction manufacturing methods and techniques 

A. Molten method or grown-j unction technique 

B. Epitaxial-growth method 

C. Diffusion method 

0 * ■ 

D. Alloy method 

VII. Depletion or barrier region of a P-N junction and the barrier potential (Trans- 
parency 3). 

A. Silicbn diode barrier potential = 0.6 to 0.7 volts 

B. Germanium diode barrier-potential = 0.2 to 0.3 volts 
VIII. P-N junction bias (Transparency 4) 

A. Reverse bias-Positive battery terminal connected to N-type material 

B. Forward bias-Positive battery terminal connected to the P-type rff^ter- 
ial 

I X. Diode schematic symbols (Transparency 5) 

A. Anode + P-sectiorv * 

B. Cathode - N-secton 

* : C. Symbol- (>J 

(NOTE: The arrow points to the N-type material.) 
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INFORMATION SHEET 

-P-N junction diode characteristic curves ^^Transparency 5) 

A. Forward-bias region 

B. Reverse-bias region 

C. Majority carriers 

D. Minority carriers 

* 

V 

E. Breakdown 

(NOTE; Breakdown occurs when PIV is exceeded.) 



Atomic Model (Silicon) 



Valence Shell 



Proton 




II II 

=©=©=© 

II It II 

=©=©=© 

II II It 

=©=©=© 



Pure Silicon Crystal 
Intrinsic 
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Free Electron 



Impurity 



II \ll.i II 

=©=©=©= 
II II II j 

=©=©=©= 
II 



N-Type Silicon 
Crystal 

Extrinsic 



Impurity 




=@=@=©= 
II II II 

= (Ge)=(G^=tGe) = 



P-Type Germanium 
Crystal 

Extrinsic 
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P-N Junction 



N" 



r— BARRIER POTENTIAL - 
| SILICON 0.6 TO 0.7 VOLT 
/£\ GERMANIUM 02 TO 0.3 VOLT 



++++++ 
+ + + 
p + + + + + 
++++++ 
+ .+ + + + + 



DEPLETION REGION 



{ 



P-N JUNCTION 
Showing Barrier Potential 
And 

Depletion Region 
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Forward and Reverse Bias 




Reverse Current High Resistance 

+ 




Reverse Biased P-N Junction 

N P 



[fo, 



- ■ _ + 

_ + + + 


- + + + 

+ _ + +■ 








■ + _ + + 




— + 



Forward Current 



Low Resistance 



Forward Biased P-N Junction 



(Note- Barrier potential increases and depletion 
region widens as reverse bias is increased.) 
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P-N Junction Diode Characteristic Curves 



n+ 



PIV 



c 

v- 
v- 

□ 



Reverse Bias Region 



Voltage 



Minority 
Carriers 



Breakdown 




Majority 
Carriers 



Voltage 



3 Forward Bias Region 1 ^ 



c 

CD 

v. 

ZJ 

CJ 
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Anode + 



Cathode - 



Schematic Symbol 
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REVIEW OF THE NATURE OF M ATTER 
7 - AND THE P-N JUNCTION 

UNIT I 

" JOB SHEET #1--PERFORM A STATIC TEST OF 
' SEMICONDUCTOR DIODES 



I. Tools and equipment 

A. 2 multimeters ' 

B. " 3 different types of diodes from your instructor 
II. Procedure 

A. Determine the polarity of your ohmmeter leads by connecting them to a 
voltmeter 

B. Mark.the polarity of the ohmmeter leads 

C. Connect the positive lead of the ohmmeter to the anode of the diode and the 
negative lead of the ohmmeter to the cathode of the diode. 

D. Read and record the ohmmeter reading in the data table 

(NOTE: The ohmmeter should be on a R x 100 scale to avoid possible 
damage to the diode.) , 

E. Reverse the ohmmeter connection to the diode, read and record the ohm- 
meter reading > _ 

F. Determine from the ohmmeter reading whether the diode is good or bad 

(NOTE: A good diode will have a low ohmic reading in the forward-biased 
direction and a high ohmicVeading when reversed biased.) 

*# 

G. Repeat the above procedure for each of your diodes 



% DATA TABLE I - STATIC TEST 



DIODE 


FORWARD 
RESISTANCE 


REVERSE 
RESISTANCE 


GOOD OR 
BAD 










D 2 








D 3 








D 4 
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-R-EVI EW-0 F T-H E-N AT-U R E-0 F-M ATTE R 
AND THE P-N JUNCTION " 
UNIT I 



JOB SHEET #2-TEST A SEMICONDUCTOR DIODE 
AND PLOTTHE CHARACTERISTIC CURVES 



I. Tools and equipment 

A. Variable DC power-supply (0-30 volts) 

B. 1-220 ohm, 5 Watt resistor 

C. 1 -silicon diode (1N91 4 or equivalent) optional germanium diode 

D. 2-multimeters 

E. Graph paper „ 
II. * Procedure 

A./ Connect the following circuit for a reverse-biased diode but do not apply 
power 

.(NOTE: Connect the multimeters as voltmeters an^jobserve the proper 
polarity.) r 



Variable 
DC Power Supply /~ — 




B. Apply power - 

C\ Read and record Vq (voltage across the diode) and Vp (voltage across the 
resistor) when the power supply is set at 0, 1, 2, 3, 4, b, 10,15, 20, and 25 
volts 

(NOTE: The peak inverse voltage rating of the diode must be equal to 
or greater than 25 volts.) 

Q. Turn the power supply off 

E. Reverse the diode connection in the circuit so it will be forward biased 

F. Read and record Vn^and V R for power supply settings of 0, 0.1, 0.2, 0.3, 
0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1 .0, 2, 4, volts 



ERLC 



33 



22 



ERIC 



JOB SHEET #2 



G. Compute the current flowing in the circuit for each reading taken in steps B 
and E 

H. Draw a graph of the diodeforward and reverse characteristic curve 



(NOTE: The horizontal axis should be V D and the vertical axis should 
be ! D .) 

Check yourcalculations and your graph with your instructor 
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JOB SHEET #2 



DATA TABLES 
TABLE I - REVERSE BIAS 



V 

Supply 


°V 


1 V 


2 V 


3 V 


4 V 


5 V 


io v 


1S V ' 


20 v 


25y 


V 0 


















* 




V R 


















<5 
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TABLE II -FORWARD BIAS 



V 

Supply 


0.0 


•1 V 


2 V 


• 3 v 


V 


•5 V 


• 6 v 


• 7 v 


• 8 v 




i.o v 


2.0 V 


4.0 V 




























V D 






















V R 






\ 

\ 

\ 












1 


m 


* 







;8 



CD 
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REVIEW OF THE NATURE OF MATTER 
ANDTHE P-N JUNCTION 
UNIT I 

• NAME 

v 

TEST 

1. Matfih the terms on the right with their correct definitions. 

a. Two or more atoms sharing electrons in 
their outer shell to form a stable molecule 



_b. The smallest particle of an element containing 
electrons, protons, and. neutrons 

c. The number of electrons in the outermost 
orbital shell of an atom 

_d. The core of the atom which contains two 
major particles^prptons and neutrons 

e. One of the orbital or energy levels of the. 
electrons about the nucleus 

ft, An elementary atomic particle within the 
nucleus with a positive electrical charge. 

g. An elem^itary atomic particle within the 
nucleus with no electrical charge* 

h. An elementary atomic particle ir> orbit 
m around the nucleus with a negative elec- 
" frical charge 

}. An intrinsic material to which an impur- 
ity has been added 

>j7 A two-terminal device consisting of a P-N 
junction which aljows majority carriers to 
flow in one direction 

k. External -electric potential applied to a 

• P-N junction 

I. The region where N-type and P-type semi- 

" conductor material join together 

m. The process of adding impurities to an in- 
~— trinsic-material — - 



1 

1 . 


Atom 


o 




o 
O. 


Proto.n 


A 

4. 


Electron 


c 

0. 


Neutron 


D. 


onen 


"7 
/. 


Valence number 


8. 


Covalent bonding 


9. 


Insulator 


1 n 
I u. 


intrinsic rriaieriai 


11: 


Extrinsic material 


1 9 
I /. 


Diode 


13. 


Bias * 


14. 


P-N junction n. 


15. 


Doping 


16. 


Conductor 


17. 


Semiconductor 


18. 


Bonding 


19. 


Majority carriers 


20. 


Minority carriers 


21. 


Holes 



n. A material in which the valence shell is' 
partially filled with electrons which can be 
removed wher\ some form. of energy is applied 
to the material 



22. Depletion region 
.?3; Peak inverse voltage 
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o. A material that has 1 or 2 electrons in 'the 
valence shelf that are not tightly bound to 
t the nuclei 

p. /^material with very few or no free electrons 
in tfie valence shell 



q. A pure crystal of a material 



r. The absence of electrons in *a covalent bond 

s. ^Electrons in P-type material and holes it 
"V N-type material * I 

t. The holding together of atoms to form a 
molecule 

u. Electrons in N-type material and holes in 
P-type material 

v. The maximum reverse-bias voltage which 
can be applied to a P-N junction without 
damage to the junction 
i 

w. The junction area that has no free charges 



2. Label the nucleus, protons, neutrons, electrons, and the valence shell of the atomic 
/model given below. 




c. 



b. 



d. 
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3. Match types of bonding on the right with the materials to which they apply,. 



a. Conductors 

$ 

b. Gases * ' 

c. Insulators and semiconductors 



1. Covalent 

2. Ionic , 

3. Metallic 
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4. Identify an intrinsic silicon crystal, an extrinsic N-type silicon crVstal, and an extrinsic 
P-type germanium crystal. % . 



Free Electron 



sy=(s 
n ii 

D=(§ 
ii n 

if 



Impurity 



II :\ll'l II 



II 

II 

:© 



=csi)= 



•ii H ii 



Impurity 

Hole 
II \ II J II 

ii W ii 

=@=(|N)=(Ge)= 

II . II II 
= @=©=@ = 

II "II II 



a. 



b. 



c. 



-5. State the majority and minority carriers and theirxelectrical polarity in N-type and 
P-type semiconductqrs. v 

N-typi ' 

a. ■ Majority carriers are • ; , i 

\^ b. Minority carriers are * 

P-type ~ . - rr— — - ' 



a. Majority carriers are 

b. Minority carriers are 
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Complete a list of four Methods and techniques used to manufacture a P-N junction. 

a. Molten method or grown-junction technique 

b. Expitaxial-growth method 



c. 



Sketch a P-N /junction and label the P material, the N material, the depletion region, 
and the barrier potential showing voltage ranges for the silicon and germanium diodes. 
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8.. Label the proper polarity for the reverse-biased P-N junction and the forward-baised 
P-N junction in the following illustrations. > 



Reverse Current High Resistance 



Reverse Biased P-N Junction 




Forward' Biased P-N Junction 



9. Draw the schematic symbol for a diode, label the cathode, the anode and show -the 
electrical polarity to forward bias the device. * . x 



10. Identify, from the following P-N junction diode characteristic curves, the forward-bias 
region, the reverse-bias region, the majority carriers; andthe minority carriers. 




Breakdown 



a. 
b. 



c. 
d. 



11. 'Demonstrate the ability to: 

a. Perform a static check of semiconductor diodes. 

b. Test a semiconductor diode and plot the characteristic curves. 

(NOTE: If these activities have nof been accomplished prior to test, ask your 
instructor when they should be completed,) 
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REVIEW OF THE NATURE OF MATTER 
AND THE P-N JUNCTION 

UNIT I 



ANSWERS TO TEST 



1 

1 . 


a. 


0 i 
O 1. 


1 1 




10 




u 
Oi 


1 ; 
1 J- 


1 0 


r. 


91 




c. 


7 k. 


.13 


s. 


20 




d. 


2 1. 


14 


t. 


18 




e. 


6 m. 


15 


u. 


1 Q 




T. 


3 n. 


17 


v. 






g. 


5 o. 


16 


w. 


22 




h. 


4 p. 


9 






2. 


a. 


Valence shell 


o 








b. 


Neutron . 










c. 


Electron 










d. 


Proton 










e. 


Nucleus 








3. 


a. 


3 










b. 


2 










c. 


1 








4. 


a. 


Intrinsic silicon crystal 








b. 


Extrinsic N-type silicon crystal 







c. .Extrinsic P-type germanium crystal 



5. N-type 

a. Electrons, negative charge 

b. Holes, positive charge 

P-type 

. a. Holes, positive charge 
b. E lectrons,«negative charge 

6. c. Diffusion method 
d. AlloV method 
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N 



I — BARRIER POTENTIAL 
* SILICON 0.6 TO 07 VOLT 
4 \ GERMANIUM 0.2 TO 0.3 VOLT 



\ 



+ + + +-+ + 
+ + + 
p + + + + + 
++++++ 
++++++ 



DEPLETION REGION 



8. 
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Reverse Current High Resistance 
+ ■ — 



Reverse Biased P-N Junction 

N P 



- ~ ' + 

_+ "+ + 


'"•'+ + + 
+ _ + _ + 








♦ - + + 



Forward Current Low Resistance 

— 



Forward Biased P-N Junction 
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9. 



BE 11-33 



Anode + 



Cathode - 



MO. a. Majority Carriers 

b. Reverse-bias region 

c. Forward-bias region 

d. Minority carriers 

11. Performance skills evaluated to the satisfaction of the instructor 
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RECTIFIERS 
UNIT II 



UNIT OBJECTIVE 



After completion of this unit, the student should be able to state the formula which relates 
peak input voltage to average DC output voltage, identify conventional half-wave and 
full-wave rectifier circuits, and construct and test a half-wave rectifier, a full-wave rect'fier, 
and a voltage multiplier circuit. This knowledge will be evidenced by correctly performing 
the procedures-outlined in the assignment and job sheets and by scoring 85 percent on the 
unit test. 



After completion of this unit, the student should be able to: 

1 . Match terms related to rectifiers with.their correct definitions. 

2, Sketch the input and output waveforms for a basic half-wave rectifier circuit. 



4. Identify a conventional full-wave rectifier and a full-wave bridge rectifier. 

5. Select true statements concerning the advantages of a full-wave over a half-wave 



6. State the formulas for the average and peak DC output voltage of a full-wave 
rectifier. 

7. Determine the DC output voltage of a multiplier-circuit. 



9. Indicate the direction of current flow in a full-wave bridge rectifier and a conven- 
tional full-wave rectifier. 

10. Demonstrate the ability to: 



SPECIFIC OBJECTIVES 



3. State the formulas for the average and peak DC output voltage of a half^wave 
1 rectifier. 



rectifier. 




a. 



Construct and test a half-wave rectifier circuit. 



b. 



Construct and test a full-wave bridge rectifier circuit. 



c. 



Construct and test a voltage doubler circuit 
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RECTIFIERS 
UNIT II 



SUGGESTED ACTIVITIES 

L Provide student with objective sheet. . „ 

1 1. Provide student with information, assignment, and job sheets. 

III. Make transparencies. 

IV. ' Discuss unit and specific objectives. 

V. Discuss information and assignment sheets. 

" VI. ■ . Demonstrate and discuss the procedures outlined in the job sheets. x 
VII. . Give test. . 

INSTRUCTIONAL MATERIALS 

I. Included in this unit: 

A. Objective sheet 

B. Information sheet 

C. Transparency masters 

1. TM 1 -Half-Wave Rectifier Circuits 

2. TM 2-Conventional Full-Wave Rectifier 

3. TM 3-Bridge Rectifier 

4. TM 4-Voltage Doubler Circuit 

D. Assignment sheets 

1. Assignment Sheet #1--Calculate Average DC Voltage for Half-Wave 
and Full-Wave Rectifier Circuits 

<? 

2. Assignment Sheet #2--lndicate the Direction of Current Flow in a 
Full-Wave Bridge Rectifier and a Conventional Full-Wave Rectifier 

E. Answer to assignment sheets 

F. Job sheets 

1. Job Sheet #1-Construct and Test a Half-Wave Rectifier Circuit 

2. Job Sheet #2"-C6nstruct and Test a Full-Wave Bridge Rectifier Circuit 



: o * 47 

ERLC - 



3. Job Sheet #3-Construct and Test a Voltage Doubler Circuit 

G. Test 

H. Answers to test 

Reference-Grob, Bernard. Basic Electronics. Third Edition. New York: McGraw 
Hill Book Company, 1971. 
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INFORMATION SHEET 



Terms and definitions 

A. Rectifier circuit-A circuit that converts AC voltages to pulsating DC voltages 

B. Half-wave rectifier--A circuit that converts AC* voltage to pulsating DC 
voltage and allows DC current to flow only through the load during one-half 
of each AC input cycle 

i 

,C. Full-wave rectifier— /V circuit that converts AC voltage to pulsating DC* 
voltage and allows current to flow in the same direction through.the load for 
both halves of the input AC voltage cycle 

D. Transforr.,er--A device which is used to either step up (increase) or st§p 
down (decrease) the AC voltage in a rectifier circuit 

E. Bridge rectifier-A type of rectifier circuit that requires four diodes in order 
to make a full-wave rectifier 

F. Voltage doubler--A rectifier circuit that is used to increase (double) the DC 
output voltage without using a* step up transformer 

Input and output waveforms for a basic half-wave rectifier circuit (Trans- 
parency 1) 



A. Input voltage- 4* 

r \r\ J 



B. Output voltage- i ' . _____ 

T______ OR 



III. Formulas for the average and peak DC output voltage of a half-wave rectifier 

A. Vdc=.318Vpk 

B. Vpk= 1.414 Vrms 

IV. Full-wave rectifiers (Transparencies 2 and 3) 

A. Conventional 

B. Full-wave bridge 
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INFORMATION SHEET 

Advantages of a full-wave over a half-wave rectifier 

A. More efficient 

B. Less ripple effect 

C. Wider variety of applications 

Formulas for Jhe average and peak DC output voltage of a full-wave rectifier 

A. Vdc=-.636 Vpeak 

B. Vpk = 1.414 Vrms • " ■ . . " 
Steps in determining the DC voltage of a multiplier circuit 

A. Determine the voltage input (Transparency 4) t 

B. Multiply the peak input voltage times the number oi rectifiers 
Example: 

\ 

\ 




Load Resistor 



\ 

120V AC Input X 2 (rectifiers) = 240V DC output 

(NOTE: This is an example of a. Voltage doubler used-iri-a^pecialized multi- 
plier circuit) • 
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Half-Wave Rectifier Circuits 



,<9 



— xlnput Voltage 



Load Resistor 



+ 



Output Voltage— 



Load Resistor 



\ Input Voltage 




Output Voltage 



51 



ERLC 



TM 1 



Conventional Full-Wave Rectifier 




(Note:lf diodes D1 and D 2 were 
reversed, the output voltage 
would be reversed.) 
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Bridge Rectifier 



!5u" 



2 




nr\r\ 

DC 

OUTPUT 



(Note : If each of the diodes were 
reversed the output would be 
reversed.) 
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Voltage Doubler Circuit 
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ASSIGNMENT SHEET #1--CALCU LATE AVERAGE DC VOLTAGE FOR 
HALF-WAVE RECTIFIER AND FULL-WAVE RECTIFIER CIRCUITS 



1 . Calculate the average DC voltage for the following circuit. 



120V, 



RMS 




VL 



— w 

30V RMS RL ?' L \f\ £\ 



Time 



Vdc = 

2. Calculate the average DC voltage for the following circuit. 




Vdc : 



3. Calculate the transformer's secondary rms voltage. 

— w- 



K> 



o 



Vrms 



VL 



54 v dc 



Time 



Vrms = 
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ASSIGNMENT SHEET #1 



Calculate the average DC voltagefor the following circuit. 
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ASSIGNMENT SHEET #2~INDICATE THE DIRECTION OF CURRENT 
FLOW I N A, F U L L-WA VE; B RIDGE RECTIFIER AND A 
CONVENTIONAL FULL-WAVE REtTJF)ER 



Trace and label the paths of the current flow through the bridge rectifier circuit and 
the load for one complete input cycle and label the voltage polarity at points A and B 




B 



Trace and label the paths of the current flow through a conventional full-wave rectifier 
circuit for one complete input cycle. 



D1 




D2 
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ANSWERS TO ASSIGNMENT SHEETS 



Assignment Sheet #1 

1- V L(p eak) = 1 - 414 Vrms 
V L{peak) = (1.4l4)(30)= 42.4V 
Vdc = 0.318 V L(peak) 

Vdc = (0.318) (42.4) = 13.5V 

2 - V L(peak) = (1.414) (400)= 565V 
Vdc = (0.3 18) (565) = 180V 



3. V 



L(peak) 



54 



V 



rms 

4. Vpeak 
Vdc 



0.318 
170 



1.414 

1.414x120 - 
(0.636) (170) = 



170 

120V 

170V 
108V 



Assignment Sheet #2 
. 1. 




First half -cycle 



0 
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JOB SHEET #1»CONSTRUCT AND TEST A HALF-WAVE 
RECTIFIER-CIRCUIT 



Tools and equipment 

A. Low power filament transformer ( 1 20V Primary) 

B. Silicon diode, 1N914 ocequivalent 

C. 2-6800 Ohm, 1/2 Watt resistors ' 

* 

D. Multimeter 

E. Oscilloscope 

F. Graph paper 
Procedure 

(CAUTION: IDangerous voltage levels are present during this procedure. Check 
with your instructor regarding safety procedures.)* 

A. Connect the. multimeter (set for AC) to secondary of the filament trans- 
former 

B. Plug the filament transformer into the l^ne voltage and measure the second- 
ary voltage at points A and B 

C. " Turn off the power 

D. Connect the following circuit to the secondary of the filament transformer 



^iX AC 
Line 




Filament 
Transformer 



6800 



9 

ERJC 



62 



JOB SHEET #1 f 

Turn the power on % * 

r 

Measure the voltage between points A and B apd record this below as the AG 
input voltage 

Measure and record the DC output voltage with the multimeter 

Observe and make a scale drawing below of the AC input voltage (A to 
B) and the DC output voltage (C to B) 

Calculate the average DC output voltage and compare it to the measured 
DC output voltage / 

Check your calculations and your'drawing with your instructor 



DATA:, 

Measured voltage A to B J ^rms 

Measured voltage B to C \ V rms 

Calculated output voltage V dc 
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JOB SHEET #2-C0NSTRUCT AND TEST A 
FULL-WAVE BRIDGE RECTIFIER CIRCUIT 



Tools and equipment N 

\ 

A. Auto transformer (0-130V) 

B. Power transformer (1 10-220V CT) ^ 

(NOTE: You may juse a low power filament transformer. See Job Sheet #1 .) 



\ ' 



C. Four silicon diodes IN914 or equivalent 

D. 1 -1 Ok, 1W resistor 

\ 

E. Multimeter 

F. Oscilloscope 

G. Graph paper 
Procedure -s 

(CAUTION: Dangerous voltage levels are present during this procedure. Avoid 
shock hazards.) 

A. Construct the circuit shown below but do not connect power at this time 

I 



Auto Transformer 




Power 
Transformer 



B. Have your instructor check your circuit 

C. Connect the multimeter across the secondary of the power transformer 

D. Connect the auto transformer to the AC line and adjust for a reading of 10V 
on the multimeter 
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JOB SHEET #2 * - 

E. Read and record the DC voltage across theA OK load resistor 

F. Connect an oscilloscope across the filament transformer secondary and 
observe and sjcetcfvthe waveform 

G. Connect an oscilloscope across the 10K load resistor and observe and sketch 
the waveform ^ 

H. Calculate the average DC output voltage and compare with the measured 
DC output voltage f 

L, . Check your calculations and your sketch with your instructor 



DATA: 

Measured voltaqe A to B V 

- - — — " ' „ — rms 

Measured voltage B to C * V dc 
Calculated output voltage V H 
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UNIT II ' 



JOB SHEET #3.-CONSTRUCT AND TESTA VOLTAGE DOUBLER CIRCUIT 

* 

* 

\. Tools and equipment r 

A. Low power filament transformer (120V Primary) 

B. 2 silicon diodes, 1 N914 or equivalent 

C. 2-20 aiF capacitors, 450v 

D. Multimeter 

E. 'Oscilloscope 
•II, Procedure 

(CAUTION: Dangerous voltage levels are present jduring this procedure. Avoid 
shock hazards.) - * 

» 

A. Connect the following circuit but do not connect the filament transformer 
to the AC line* « 



AC Line 



Auto Transformer 




Filament 
Transformer 



VOut 



B. Have your instructor check your wiring, then plug in the filament trans- 
former 

C. Measure and record the voltage across C] # C2, the putput, and the secondary 
wihding of the filament transformer 

•» 

D. Using an' oscilloscope, observe and measure 'the input and output voltages 
of the rectifier circuit and sketch the waveforms 

E. Check your findings with your instructor 
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DATA: 



JOB SHEET #3 



V C 1=. 



V C 2 = . 



^ secondary 



•V 



V 



V input 



V out 



4 • 



X 
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NAME 



TEST 



1. MatcH.the terms on the right with their correct definitions. 



a. A type of rectifier circuit that requires four 
diodes in order to maKe a full-wave reptifier 



b. A circuit that converts AC voltages to pulsat- 
ing DQ, voltages ^ 

c. A rectifier circuit that is used to increase t^e 
~ DC output voltage without using a set-up 
transformer 

<± A circuit that converts AC voltage to pulsat- 
J ing DC voltage and allows DC current to flow 

only through .the loatfduring one-half of each 

AC input cycle 

/ e. A device which- is used to either , step up 
' or step down the AC voltage in a recti- 
fier circuit 



t ^A-JCircuU that-cohverts AC voltage to pulsate 
. ing DC voltage and aiioWs-eurrentTo'flow in 
.the same ^Frectiqn through the load for both 
halves of the input AC voltage cycle 



1. Rectifier 
circuit 



2. 
3. 



Half-wave 
rectifier 

Full-wave 
rectifier 



4. Transformer 

5. Bridge rectifier 

6. Voltage doubler 



2+ Sketgh-the inpu\ and putput waveform symbols for the basifc half-wave rectifier circuit 
\ 'shoj/vn £elovk f 



+ 



■• • Input Vojtage 



Output Voltage 
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3. State the formula for the average and peak DC output voltage of a half-wave rectifier. 



a. 



/ 



7 



4. Identify the conventional full-wave rectifier and the full-wave bridge recti/ier in the 
, following illustratiqns. 



DC Output 
to Filter 
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To Filter 
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5. Select true statements concerning the advantages of a full-wave over a half-wave 
rectifier by placing an M X ,! in the appropriate blanks. 

a. Less efficient 

b. Less ripple effect 

c.r, Wider variety of applications 



6. State the formulas for the average and peak DC output voltage of a full-wave rec- 
tifi.er. 



b. 



7. Determine the DC ouput voltage of the multiplier circuit given below. 



r 



140 Volts 
AC Peak 
Input 



D2 C2 =T °3 M «=r Dli 



C1 



X 



C3 



X 



C5 



+ 



DC Output 
Load 



V out = 



8. Calculate average DC voltage for half-wave rectifier and full-wave rectifier circuits., 

9; Indicate the direction of current flow- in a full-wave bridge rectifier and a conventional 
full-wave rectifier. - 

10. Demonstrate the ability to: 

a. Construct' and test a half-wave rectifier circuit. 

b. Construct and test a.full-wave bridge rectifier circuit. 

c. Construct and test a voltage doubler circuit. 

(NOTE: If these activities have not been accomplished prior to the test, ask your 
instructor when they should be completed.) 
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RECTIFIERS 
UNIT II 



ANSWERS TO. TEST 



a. 


5 


d. 


2 


b. 


1 


e. 


4 


c. 


0 


f. 


3 



— Input Voltage 



+ 



Output Voltage 



3. a. Vdc=.318Vpk 
b. Vpk= 1.414 Vrms 

. 4. a. Conventional full-wave rectifier _ 
b. Full-wave bridge- rectifier 

5. b, c 

6. a. Vdc = .636 Vpeak 
b. Vpk= 1,414 Vrms 

7. V out = (140){5) =700 

8. Evaluated to the satisfaction of the instructor 

9. Evaluated to the satisfaction of the instructor 

10. Performance skills evaluated to the satisfaction of the instructor 
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FILTERS 
UNIT III 



UNIT OBJECTIVES 



After completion of this unit, the student should be able to identify the three most 
common filter configurations and calculate the ripple factor of a filtered power supply. This 
knowledge will be evidenced by correctly performing the procedures outlined in the assign- 
ment and job sheets and by scoring 85 percent on the unit test. 



SPECIFIC OBJECTIVES 

After completion of this unit, the student should be able to: 

1 . Match terms related to filters with their correct definitions. 

2. Select a statement describing the purpose of filters. 

3. Sketch the voltage waveshapes at the output of the transformer, rectifier, and 
filter for a half-wave power supply. 

4. Distinguish between the basic'filter types. 

5. Identify the three basic filter configurations. 

6. State the function of and the formula.for ripple factor. 

7. Calculate ripple factors and percent regulation. 

8. Demonstrate the ability to: 

< 

* a. Construct and test a capacitor filter circuit. 

\ < ' 

b. Construct and test a Pi-section filter circuit. 




FILTERS 
UNIT III 



SUGGESTED ACTIVITIES 



BE II -69 



I 

II 
III 

IV 
V 
VI 
VII 



Provide student with objective sheet. 

Provide student with information, assignment, and job sheets. 

Make transparency. 

Discuss unit and specific objectives. 

Discuss information and assignment sheets. * 

Demonstrate and discuss the procedures outlined in the job sheets. 

dive test. 



INSTRUCTIONAL MATERIALS 



II. 



Included in this unit: 

A. Objective sheet 

B. Information sheet 

C. Transparency Master 1 -Basic Filter Configurations 

D. Assignment Sheet* #1 -Calculate Ripple Factors and Percent Regulation 

E. ' Answers to assignment sheet 

F. Job sheets v 

1. Job Sheet #1 -Construct and Test a Capacitor Filter Circuit 
, 2. Job Sheet #2--Construct and Test a Pi-Section Filter Circuit ^ 

G. Test 

. H. Answers to test 

Reference-Grab, Bernard. Basic Electronics. Third Edition. New York: McGraw- 
Hill Book Company, 1971. f 
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II. 
III. 



FILTERS 
UNIT 1 1 1 



INFORMATION SHEET 

Terms and definitions 

A. Ripple-Variations in the DC voltage 

B. Filter-A device used to eliminate or minimize ripple 

C. Bleeder resistor-A resistor placed in parallel with a capacitor «in order to 
provide a discharge path for the capacitor when the power supply is turned 
off 

D. Power supply voltage regulation-The ability of a power supply to maintain a 
constant output voltage under varying loads 

E. Percent regulation-Comparison of the no-load voltage to the full-load * 
voltage expressed as a percentage of the full-load voltage 

(NOTE: % Reg = Vout no-load ■ Vout full-load x 100) 
Vout fun-ipad ~ J 

F. DC powensupply-A basic electronic system generally consisting of a trans- 
former, a rectifier, and a filter to convert AC voltage to DC voltage 

Purpose of filters-Filters help to provide a smooth, nonfluctuating DC output 
voltage from a rectifier circuit 

Output waveshapes for a half^wave power supply 

A. Transformer output- 







0 






0 




tr 



B. Rectifier output- f 7 ^ f 




C, Filter output- 



(NOTE: See Transparency 1 for location of output waveshapes A, B, and C.) 
IV. Basic filter types 

A. Capacitor filter 

1. Simplest filter 

2. Most economical 

. 3. Used where load does not require an extremely smooth DC voltage 
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INFORMATION SHEET 

B. Pi-section filter 

1 . Requires two capacitors and an inductor 

(NOTE: The inductor is sometimes replaced by a resistor.) • 

2. * Used when a smooth voltage with relatively low current is required 

3. * Also called capacitance-input filter 

C. L-section filter 

1 . Used for high current applications 

2. Requires an inductor or "choke" in series with a capacitor 
V. Basic filter configurations (Transparency 1 ) 

A. Capacitor filter 

B. Pi-section filter 

C. Two L-seption filter (choke input) 

VI. Function of and the formula for ripple factor 

< 

A. Expresses the effectiveness of filtering 

B. r - rms value of ripple output 

DC output voltage 
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Basic Filter Configure irons 



AC 

INPUT 



B 



- 1 - R 



B 



DC 
. OUTPUT 



Capacitor Filter (NOTE- Capacitor must be 

removed to observe rectifier 

w Rs b 



output waveform.) 



AC 

INPUT 



-L -L R ( 




Pl-Section Filter 



DC 

OUTPUT 



AC 

INPUT 



JL -L R 



DC 

OUTPUT 



Two L- Section Filter 

^ (NOTE- Rs in series with diode limits initial surge of current 
due to capacitor and is called a surge resistor.) 

76-. ■ 
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FILTERS 
UNIT III 



ASSIGNMENT-SHEET #1--CALCULATE~RIPPLE FACTORS 
AND PERCENT REGULATION 



1 . A power supply has DC output voltage of 30 volts and a ripple of 1 0 Vrms. The ripple 
factor is : . . 



2. A power supply has DC output voltage of 15 volts and a ripple of .050 volts rms. The 
ripple factor is 



3. Which one of the above power supplies has the most effective filtering and why? 



*3> 



4. A power supply has an output voltage at no-load of 24Vqq and an. output voltage of 
22 Vqq at full-load. The 'percent, regulation is [ 
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FILTERS 
UNIT III 



ANSWERS TO ASSIGNMENT SHEET #1 



1. r = '0.33 > 

2. r= 0.0033 

3. #2, smaller ripple, factor 

4. 8.3% 
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FILTERS 
UNIT III 



JOB SHEET #1--CONSTRUCT AND TEST* A CAPACITOR FILTER CIRCUIT 



II. 



AC Line 



Tools and equipment 

« 

A. Low power filament transformer (1 20V primary) 

B. 4-silicon diodes 1N914 or equivalent 

C. 1-10K, 1/2 watt r&sistorv MK; 1/2 watt resistor, 2-20 capacitor, 25 
wv dc or ^ reat ? r ? 

• D. Multimeter 

E. Oscilloscope 

F. Graph paper 

Procpdijre 

* * 

(CAUTION: Dangerous voltage levels are present during thjs procedure. Avoid 
shock hazards.) * 

A. - Construct the circuit shown below but do not connect power at this time 
v (NOTE: Do not connect the capacitor at point A & B at this time.) 




Filament 
Transformer 



-r C 



s 

20uf 



B, Have your instructor check your circuit 




10K 



C. Connect the multimeter across the secondary of the filament transformer 
and record the voltage * 

D. Read and record the DC voltage across the load resistor 
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J0BSHEET#1 

♦ 

E. Connect an oscilloscope across the load resistor, observe pncf sketch the wave 
form 

F. Turn off the power 

G. Connect the 20 /if capacitor at points A and B~ 

H. Turn the power on 

I. Repeat stepsD through F 

J. Replace the 10K load resistor with the 1K load resistor and repeat steps D 
through I 

K. Compare'the wave shapes and DC voltage levels of the filter and a 1 0K load 
resistor with the filter and a 1 K load resistor 

! ■ " 

L Usirig the output voltage measured with the 10K load resistor as no-load 
voltage and the output voltage measured with the 1K resistor as full-load, 
compute percent voltage regulation on the table below 



DATA 


. 'v : 

^sec. 


V 10K 


V 1K 


% Reg . 


No filter , 










With filter 











5 



M. Check your calculations and sketches with your instructor 
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RJllTE'R'S 
UNIT IN 



JOB SHEET #2-CONSTRUCT An6-TE.SJ A PI-SECTipN FILTER CIRCUIT 



X 



Tools and equipment . * " -T , 

A. ■ Low power (ilament transformer (120V primary) 

v 

B. 4-silicon.diodes 1N914 or-equivalent^ * 

C. 1-1 0K # 1/2-watt resistor 

D. 1-1 K, 1/2 watt resistor 

E. * 2-20 /-if capacitors 25WV dc or greater 

F. Multimeter w . _ - 

G. Oscilloscope:* 

H. Graph paper 
L 1-270 ohm resistor I 
Procedure ? - " "~ - * - ^ 

A. Connect the circuit shown below but do hot apply power at this time 

(NOTE: Do not connect the Pi-section filter network at point A and B at 
this time.) 



/ 




270 



Filament 
Transformer 





— v'WW — 






^1 


c 2 




20uf 


*20 ■. 



+ " 

R B.. 
?0K 



B. Have your instructor check your circuit 

C. Connect the multimeter .across the secondar * of .the filament transformer 



1obIheet#2 



D. - Read and record tfte DC voltage across the load resistor 



" E* Connect an oscilloscope aero$s;the load resistor, observe and sketch the wave 
form ; ^ ^ ' ^ _ 

ir^ Turn off the power . ; 

6/ 1 Conifect th^sfcctibo at points A an^B 
' H* Turn on^*kpower _ \ . . ; 

J. Repeat $te£s D through F s . * ' ~* ' I 

' ' >^ J - N 

! J, Replace the 10K io^d resist©?, with a 1K load resistor and repeat steps 
through! \ m -\ ' ^ % / \ 

-K -Compare the yvave. shape* and .DC voltage Jevels^pf the .Pi-^ctioQ filter 
md the 10K load resistor with, the Pi-section filter and. the 1K resistor 

M. Using; the otitput Voltage measured with the 10K toad Yesfefor as ncrfqad 
voltage, eftd the output voltage Measured with the 7 K resistor as full-foad, 
compote percent voltage reguiafion^pn the table bolow , • . 



Ml 









'1 . ' .-J 


No-fUter i 








mthfmt , 




r' *- > 


C .l ... ^ « v r 










Check^our a 


alculatiof^nd your 


skeiche^vith y^ur 

• / 


mjtructor 

;/s^ . -•- J 



i,?.-H / • c >-. . 

^Vt> - .^f, ^ - • - - - M 



y: >\ t 
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FILTERS- 
UNIT III 



TEST 



NAM 



m 



1 . ? Match the terms on the right with their correct definitions. 

a, A basic electronic system generally consist- 
ting oi^^trahsfcrrher, a rectifier, and a filter 
to com/eft AC voltage to DC voltage 



b. Variations in the DC voltage 



2, 



1. Filter 

\ 

2. Percent regulation 

3. Ripple 

c. Comparison of the no- load voltage |o the 4 - DC flower supply 

' full-load voltage expressed as a percent- _ m . 

t *u / ii i j u i 5. Bleeder resistor 

age of th^fulWoad voltage , 

" 6.. Powensupply voltage 

d., A device used to eljmmate or minimize regulation 

. ripple * : ! ; . 

i e . The ability of a power ^supply tp main- 
- *r tain a constant output voltage under^ varying % v 

loads ^ „ . 

f. A resistor placed in parallel with a capacitor „ I 
in order to provide a discharge path, for the 
capacitor when the power supply ;$;turned off 

f " i 

Select the statement which describes the purpose of a filter by placing an "X M in the 
appropriate blank. i 

* "> ^ * ~ ! 

a-;^ To convert AC voltage.to dC voltage | 



J3. to provide automatic voltage regulation for a power supply I 

c. Help to provide a smooth, nonf luctuating DC output voltage fromja rectifier 
Circuit * - k , | 

d. To step-up. the DC power supply*output voltage 



Sketch the voltage waveshape., at the output of the transformer, rectifier, anq filter for 
the I half-wave powersupply illustrated below. r \ 

A ■ B C ! 




er|c\ 
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a. Transformer output- 



b. Rectifier output- 



c. Filter output- 



Distinguish between the basic filter types by placing a ft C n next to descriptions of 
capacitor filters, a "P M next to descriptions of Pi-section filters, and an-V 1 next to 
descriptions of L-section filters. , • 

• a. Requires two capacitors and.an inductor 

b. Used for high current applications 

c. Most economical * 



d. Also called capacitance-input filter 

e. Used when a smooth voltage with relatively low current is required 

f. Simplest filter 

g. U*ed where load does not require an extremely smooth DC voltage 

h. Requires an inductor or "choke" in series with a capacitor 
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5. Identify, the three-basic filter .configurations shown below. 



R 



s 



AC 

INPUT 



Filter 



DC 

OUTPUT 



AC 

-INPUT 



AC 

INPUT 



c. 




Filter 




Filter 



DC 

OUTPUT 



DC 

OUTPUT 
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6. State the function of and the-formula for ripple factor. 

a. 

b. ' ' 



.7. Calculate ripple factors and percent regulation. - « 

c 

8. Demonstrate the ability to: 

a. Construct and test a.capacitorfilter circuit. 

b. Construct and test a Pi-section filter circuit. 

(NOTE: If these activities have not been accomplished prior to the test, <k your 
instructor when they should be completed.) 
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FILTERS 
UNIT III 



ANSWERS TO TEST 



1. a. 


4 


d. 


1 


b. 


3 


e. 


6 


c. 


2 


. f. 


5 



2. c 

3. a. Transformer output- 

b. Rectifier output- 

c. Filter output- 




4. 


a. 


P d." P g. C 




b. 


L e, P h. L 




c. 


C f. c 


5. 


a. 


Capacitor filter 




b. 


Two L-sectfon filter 




c. 


Pi«section filter 


6. 


a. 


Expresses the effectiveness of filtering 




b. 


r = rms value of rippje output 



DC output voltage 



7. Evaluated to the satisfaction of the instructor 

8, Performance skills evalu&ted to the satisfaction of the instructor 
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SPECIAL SEMICONDUCTOR DIODES 
UNIT IV 
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UNIT OBJECTIVE 



After completion of this unit, the student should be able to list applications of special 
semiconductor diodes, construct the volt-amp characteristic curves for a zener diode, and 
construct and test a zener diode voltage regulator. This knowledge will be evidenced by 
correctly performing the procedures outlined in the job sheets and by scoring 85 percent on 
the unit test. 



SPECIFIC OBJECTIVES 

J 

After completion of this unit, the student should be able to: 

1. IVntch terms related to special semiconductor diodes with their correct defini- 
tions. * . 

2. Select the schematic symbol for a zener diode. 

3. Identify the operating point, the zener voltage, the forward-bias region, the zener 
current, and the reverse-bias region of a zener diode. 

4. List the alternate names for zener diodes. 

5. Select applications of zener diodes. 

6. Select the schematic symbol for a tunnel diode. 

7. Identify the negative resistance region, peak point, valley point, .arid the forward 
point of a tunnel diode. 

8. Select applications of tunnel diodes. 

9. Select the schematic symbol for a varactor diode. 1 

10. Complete statements concerning bias voltage and barrier capacitance in varactor 
diodes. 

1 1. List alternate names for varactor diodes. 

12. Select applications of varactor-diodes. 

13. Select the schematic symbol for a light-emitting diode. 

14. Complete statements concerning instantaneous- forward current versus light 
output in light-emitting diodes. 

15. Select applications of light-emitting diodes. 
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* 

16. Select the schematic symbol for a Rhoto diode., 

♦ 17* Complete statements concerning light-input intensity versus current in photo 
diodes. " , ' 

18. List three applications of the photo diode. 

* 

19. Demonstrate the ability to: 

a. Construct a volt/ampere characteristic curve for a zener diode. 

b. ' Construct and test a zener diode voltage regulator. 
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SPECIAL SEMICONDUCTOR DIODES 
UNIT IV 



. - . SUGGESTED ACTIVITIES 

'I. Provide student with objective sheet. * 
II. Provide student with information and job sheets. 

III. Make transparencies. * 

IV. Discuss unit and specific objectives. 

V. Discuss information sheet. 

VI. Demonstrate and discuss the procedures outlined in the job sheets. 
VU. Show various* types of transistors. 
VIII. Give test. 

» * 

INSTRUCTIONAL MATERIALS 

I. Include in this unit: 

A. Objective sheet 

B. Information sheet 

C. Transparency masters 

1. TM 1 -Zener Diode Characteristics and Schematic Symbol 

2. TM^-Tunnel Diode Characteristics and Schematic Symbol 

D. Job sheets 

<* 

1. Job Sheet #1-Construct a Volt/Ampere Characteristic Curve for a 
Zener Diode 

2. Job Sheet #2-Construct and Test a Zener Diode Voltage Regulator 

E. Test * 

F. Answers to test 

« ■ * • 

II. * Reference- Grob, Bernard. Basic Electronics. New York: -McGraw-Hill Book 
Company, 1971. 
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SPECIALSEMICONDUCTOR DIODES 
UNIT IV 



INFORMATION SHEET 

Terms and definitions 

A. Zener diode-A silicon diode that is designed to operate at a specific reverse- 
breakdown voltage 

B. Tunnel diode--A diode that has a negative resistance characteristic and can be 
used as amplifiers, an oscillator, and an extremely fast switching device 

C. Varactor*diode--A diode which serves as a voltage-sensitive capacitor 

D. Light-emitting diode (LED)--A diode specially doped to emit light when 
forward biased 

E. Photo diode--A* diode made from photo-sensitive material^ the device's 
, resistance decreases with increased light 

F. Hot-carrier dioc}e-A special diode which uses a metal-to-semiconductor 
junction and is used for high-frequency rectification 



1 1. Zener diode's schematic symbol (Transparency ^1 



Or 



4 



ML* Zener diode's volt/ampere characteristic curve (Transparency 1 ] 

A. Operating point 

B. Zener voltage 

C. Zener current 

/ 

D. Forward-bias region 

E. ' Reverse-bias region 

IV* Alternate names for zgner diodes 

* 

A. ' Reference diode 
B* Breakdown diode 
V. Zener diode applications . * 

A. Voltage regulator 

B. Reference element 
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INFORMATION SHEET 
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VI. Schematic symbol for-a tunnel diode (Transparency 2)-- 



VII 



VIII 



X. 



XI. 



Xfl. 



> 



Tunnel diode's volt/ampere characteristic curve (Transparency, 2) 

A. Negative resistance region 

B. l eak point 

C. Valley point 

D. Forward point , 

Applications of tunnel diodes 

A. Amplifiers 

B. Oscillators 

C. Switches 

D. Multivibrators 

IX. Schematic symbol for a varactor diode- 



OR 




Bias voltage and barrier capacitance in'varactof diodes 

A. The larger the reverse bias,,the smalier the barrier capacitance 

B. The larger the foward bias, the larger therbarrier capacitance 
Alternate names for varactor diodes 

A. Varicaps 

* * 

B. Voltacaps * 
Applications of varactor diodes 

A. Automatic frequency controls > 

B. Variable RC and LC filters * > * 
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INFORMATION SHEET 
XIII. Schematic symbol for a light-emitting diode (LED)-- 



> 



* 4 ' ' / 

XIV. Instantaneous-forward current versus ligKt output in light-emitting diodes 

* A. Light output increases with forward current 
B. , There is no light output when LED is reverse biased 

XV. Applications of light-emitting diodes 

A. Electroluminescent displays 

* 

* B. - Logic-level indicators _ ,„ 1 

t 

XVL Schematic symbol for a photo diorie- r % / 

° t \ ° 

. t « 

XVII. ^ Lighf-input intensity versus current in photo diodes x ; 

i, - * * 

A. An increase in input-light intensity increases diode current ^ ' 

Q. For a given light-input intensity Jthe diode current is approximately constant 
for increased reverse-hias voltage 

XVI I L Applications of the photo diode 

A. Lighfcdetection systems 

B. High speed card and tape readers - / • 
5 C. Production line counting of object^^fijch interrupt a light beam 

* * 
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Zener Diode Characteristics 
and Schematic Symbol 



Cathode 

o 



; Anode 

o 



Schematic Symbol 



FORWARD 
CURRENT 



Forward Bias 




FORWARD 
VOLTAGE 



Zener Current 



Reverste Bias Region 

I ■ 

1 ' , 94 



TM 1 



I 



7 
/ 





■> \ ... 



Anode 

o— — 



Cathode 

=0 „ 




Schematic Symbols 



Forward 
Current 



Negative 
Resistance, p 
R'epion u 



BE li : /9dl 

. "n - 




■ 1 r VJ" "-'m r- yya i 



lp'- Peak-Point Current 
V P - Peak-Point Voltage 
i ; l v . - Valley- Point tufrent 
Vy - Valley-Point: Volta^f ~ 
p • Vpp - Forward-Point Vbftage 



B 



C- 



J y / J "Vpp * Forward;' - 



Voltage 



Note: . 

Negative Resistance 
Region Exists Between 
Points B and C . 
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SPECIALSEMICONDUCTOR DIODES 
UNIT IV 



JOB SHEET #1 -CONSTRUCT A VOLT/AMPERE 
CHARACTERISTIC CURVE FOR A ZENER DIODE 



Tools and equipment 

A. Power supply (0-1 5V) 

B. Voltmeter 

C. Milliammeter 

D. 1-1 K ohm resistor, J/2 watt 

E. 1-N4739 zener diode or equivalent 

F. Graph paper 
Procedure A 

A. Set the power supply for 0 volts output 
B: Connect the following circuit 

(NOTE: The zener diode is forward biased.) 




C. Adjustthe power supply for 1 volt output 

D. Read and record the voltage across the zerier diode and the current flowing 
through the zener diode 

E. Repeat steps C and D in one volt increments as specified* in data table 

F. Return the power supply to zero volts, then reverse the connections of 
the zener diode 

* 

(NOTE: The zener is now reverse biased.) 
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JOB SHEET #1 
G. Set the power supply for 1 volt 



H. Read and record the voltage across the zenef diode and the current through* 
the diode 

I. Repeat step H while increasing the voltage in one volt steps to 15 Volts 

J. Graph the forward and reverse characteristics (current versus voltage) for the 
zener diode from the valuesjust measured . 

K. Check your calculations and your graph with your instructor 



DATA: 


FORWARD BIAS 




VOLTAGE 
(VOLTS) 


CURRENT 
(MA) 


9 


0.1 




\ 


0.2 






'0.3 






' 0,4 






0.5 






0.8 






1.0 






2.0 






4.0 . ' 






6.0 * 






•8.0 






10.0 






12.0 




* 


14.0- 






15.0 





REVERSE BIAS 


VOLTAGE 
(VOLTS) 


CURRENT 
(MA) 


1, 




o 




3 




4 




5 




6 




7 




8 




9 




10 




11 




* 12 




13 




14 




15 
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SPECIAL SEMICONDUCTOR DIODES 
UNIT IV 

JOB SHEET #2--CONSTRUCT AND TEST A 
ZENER DIODE VOLTAGE REGULATOR 

I. Tools and equipment 

A. Power supply (0-15 V) 

B. 2-DC voltmeters 

* : C. V-DC milliameter 

D. 1 -1 K ohm resistor, 1 12 watt 
^Jj^ 1-10K ohm resistor, 1/2 watt 

F. 1-1 N4739zener diode or equivalent m . 

G. Graph paper 
II. Procedure 

A. Connect the circuit shown below 

B. Adjust the power supply from zero to 1 5 volts in steps of 1 volt 

C. For each value of power supply voltage read and record the voltage 
the 10K ohm load resistor and circuit current 




D. Graph power supply voltage versus load voltage for each data point 

E. Check your calculations and your graph with your instructor 
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SPECIAL SEMICONDUCTOR DIODES 
UNIT IV 



NAME 
TEST 



1. Match thej:erms on the right with their correct definitions. 



a. A silicon diode that is designedto operate at a 
specific reverse-breakdown voltage 



b. A diode that has a negative resistance charac- 
teristic and can be .used as amplifiers, an 
oscillator, and an extremely fast switching 
device 

c. A diode which serves as a voltage-sensi- 
tive 0fepaci|or 

d. ^A diode specially doped to emit light when 

forward biasjed 

e. A diode made from photosensitive material; 



1. Tunnel diode 

2. Varactor diode 

3. Zen*, diode 

4. Photo diode 

5. Light-emitting 
diode 

6. Hot-carrier diode 



the device s resistance decreases with in- 
^ creased light 

o 

f. A special diode which uses a metal-to- 
* semiconductor junction and is used for \ 
x high-frequency rectification 

2. Select the schematic symbol for a zener diode from the symbols given below by 
circling the letter next to it. 



b. o- 



c o- 



d. o- 



9 
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3. Identify the operating point, the zener voltage, the forward-bias region, the zener 
current, and the reverse-bias region of a zener diode from the zensr volt/ampere 
characteristics given below. 

FORWARD 
CURRENT 




FORWARD 
VOLTAGE 



( 



4. List the alternate names for zener diodes. 

a. * 

b. 



5. Select the zener diode applications by placing an "X" in the appropriate blanks. 
a. Voltage regulator 

b. Amplifier * * 

c. Reference element 

d. Switch 



iUJ 



BE 



Select the schematic symbol for a tunnel diode from the symbols given below by 
circling the letter next to it. 



-o b. o- 



-o 



d. 



0 



Identify the negative resistance region, peak point, valley point, and the forward point 
for a tunnel diode from the volt/ampere characteristics given below. 




a. 
b. 



c. 
d. 
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8. Select applications of tunnel diodes by placing an "X" in the appropriate blanks. 



a. Logic level indicators 

b. Amplifiers- 

c. Oscillators 



j± Voltage regulators 
_e. Switches 
f. Multivibrators 



9. Select the schematic symbol for a varactor diode from the symbols given below by 
circling the letter next to it. & 



a. 



c. ° o 



i 

10. Complete statements concerning bias voltage and barrier capacitance in varactor 
diodes by underlining the correct words in the sentences below. 

a. The (larger) (smaller) the reverse biab^the (smaller) (larger) the barrier,capacitance 

b. The (larger) (smaller) the forward bias, the (larger) (smaller) the barrier capaci- 
tance 9 

1 1 . List alternate names for varactor diodes. 



a. 



: b. 



12. Select applications of varactor diodes by placing an "X" in the appropriate blanks. 

i 

a. Switches v 
— v * 

b. Voltage regulators 

c. * Automatic frequency controls 

d. Variable. RC and LC filters 
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13. Select the schematic symbol for a light-emitting diode from the symbols given below 
by circling the letter next to it. a 



a. 



ye- 



■o b. 



c. O- 



14. Complete statements concerning instantaneous-forward current versus light output 
jn light-emitting diodes by underlining the correct words in the .sentences below. 

a. Light output (increases) (decreases) with forward current 

b. There is no light output when LED is (forward) (reverse) biased 

15. Select applications of light-emitting diodes by placing an "X" in the appropriate 
blanks. 

a. Electroluminescent displays 

b . Multivibrators 
c. Logic-level indicators 

d. Oscillators » 

e. Voltage regulators 



,16. Select the schematic symbol for a photo diode from the symbols given below by 
circling the letter next to it. 



c. o- 



4) — * d - ° — -ft — 
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17. Complete statements concerning light-input intensity versus current-iri photo diodes 
by underlining the correct words in the sentences below. 

a. An increase in input^light intensity (increases) (decreases) diode current \ 

b. ^or a given light-input intensity the diode current is (approximately) (exactly) 
constant, for increased reverse-bias voltage 

1*8. List three photo diode applications. 

v ^ 



a. 
b. 
c. 



19. Demonstrate the ability ^o: 

a. Construct a volt/ampere characteristic njrve for. a zener diode. 

b. Construct and test a zener diode voltage regulator. 

(NOTE: If these activities have not been accomplished prior to the test, ask your f 
instructor when they should be completed.) 
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SPECIAL SEMICONDUCTOR DIODES 
UNIT IV 



ANSWERS TO TEST 



a. 

b.' 

c. 



3 
1 
2 



d. 
e. 
f. 



5 
4 
6 



2. 
3. 



FORWARD 
CURRENT 



^Zener Voltage 



Forward Bias 
Region 




FORWARD s 
VOLTAGE 



Zener Current 



Reverse Bias Region 



a. Reference diode 

b. Breakdown diode 



• 5. a, c 

6. d 

7. a. 
' b. 

c. 
d. 

8. b,c, 

9. d 

10. a. 
b. 

11. a. 

b. 



Peak point 

Negative resistance region 
Valley point 
Forward poinj 

i 



The larger the reverse bias, the smaller the barrier capacitance 
The larger the forward bias, the larger the barrier capacitance 

\ 

Varicaps 
Voltacaps 
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13. c 

,14. a. Light output increases with forward qurrerit 

b. There is no* light output when LED is reverse biased 

15. a,c . . * 4 

16. d. * 



17. a. An increase in input-light intensity increases'diode current 

b. For a given light-input intensity th^ diode current is approximately constant for 
* * increased reverse-bias voltage 

18. a. * Light-detection systexns ' • 

b. , High speed card and tape readers * 

c. Production line counting of objects which interrupt a light beam 

19. Performance skills evaluated to the satisfaction of the instructor 



. 4 
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* BtPOLAR-JUNCTION TRANSISTORS 
UNITV 
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* UNIT OBJECTIVE 

r t 

After completion of this unit, the student should be able to identify the standard symbols 
and correct biasing ^arrangements for NPN and PNP transistors and draw and label the 
^current flow in NPN and PNP transistor circuits. The student should also be able to lest 
transistors. This knowledge will be evidenced by correctly performing the procedures 
outlined' on the assignment and job sheets and by scoring 85 percent on the unit test. 



SPECIFIC OBJECTIVES 

, 4 

After completion of this unit, the student should be able to: k 

1. Match terms related to bipolar-junction transistors with their correct definitions. 

* # 

2. Match transistor terms with their standard abbreviations. 

3. Identify the basic elements in PNP and NPN transistor block diagrams and sche- 
matics.* - , 

\ * '* * 

4. Select the major uses of transistors. 

5. State the base to emitter forward voltage drop for germanium and silicon tran- 
sistors. . - ' . 

6. Identify the correct biasing arrangements for PNP and NPN transistors. 
*7. Draw the electron flow in NPN and PNP transistor circuits. 

8. Distinguish between the typical types of transistors. 

9. Label a transistor circuit. 
hD. Demonstrate the ability to test trahsistors. 
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BIPOLAR JUNCTION TRANSISTORS 
UNITV 



SUGGESTED ACTIVITIES 

I. Provide student with objective sheet. 

1 1. Provide student with information, assignment, and job sheets. 

I I I. Make transparencies. 

IV. Discuss unit and specific objectives. 

' V. Discuss information and assignment sheets. 

VI. Demonstrate and discuss the procedures outlined in the job sheet. 

VI I. Show various types of transistors. 

VIII. Give test. 

>i 

INSTRUCTIONAL MATERIALS 



Included in this unit: 

A. Objective sheet 

B. Information sheet 

C. Transparency masters 

1. TM 1 -Transistor Block Diagrams and Schematic Symbols 

2. TM 2-Correctly Biased Transistors 

3. TM 3-Electron Flow in NPN and PNP Transistor Circuits 

4. TM 4-Typical Transistor Types 

D. Assignment sheet #1 -Label a Transistor Circuit 

E. Answers to assignment sheet 

F. Job Sheet #1--Test Transistors 

G. Test 

H. Answers to test , „ 



1U3 



References: 

A. Grob, Bernard. Basic Electronics. 4tf^Bd., New York: McGraw-Hill Book 
Co., 1977. 

B. Marcus, Abraham and Samuel C. Gendler. Basic Electronics. Englewood 
Cliffs, NJ: Prentice-Hall, Inc., 1971. 

C. Basic Electricity/Electronics: Vol. 5, "Motors & Generators-How They 
Work." Indianapolis, IN: Howard W. Sams& Co., Inc. 

D. Fundamentals of Electricity. Fort Sill, OK: Communication/Electronics 
Department, U.S. Army Field Artillery School. 
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> BIPOLAR JUNCTION TRANSISTORS 
UNITV 



INFORMATION SHEET 



I.. Terms and definitions 

A. v Bipolar junction transistor (BJT)--A three-terminal semiconductor current- 

controlled device that is normally used as a control switch or as a signal or 
power amplifier 

B. Emitter--The section-that supplies majority carriers 

C. Collector-The section that collects majority carriers 

, D. Base--The secton used to control the flow of majority carriers (current) from 
emitter to collector 

E. PNP transistor-One of the two major categories of bipolar transistors con- 
sisting. of P-type material for the emitter, N-type material for the base, and 
P-typ^material for the collector 

F. NPN transistor-One of the two major categories of bipolar transistors 
consisting of N-type material for the emitter, P-type material for the base, 
and N-type material for the collector 

G. Bias-The voltages required to make the semiconductor devices (such as 
diodes and transistors) operate correctly 

H. Bipolar-Two types of carriers, holes, and electrons flowing in transistors 

(NOTE: The emitter-base junction must be forward biased while the base- 
* collector junction must be reverse biased.) 

I L Transistor terms and standard abbreviations 

A. Transistor-base lead-B 

* B B. Transistor-emitter lead--E 

C. Transistors-collector lead-C 

D. Base current- 1 g 

E. Emitter current-lg 

F. Collector current--l c 
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INFORMATION SHEET 

Basic elements in transistor block diagrams and schematics (Transparency 1) 

A. PNP transistors 

1. Block diagram 

a. Emitter 

b. Base 

c. Collector 

2. Schematic 

a. Emitter 

b. Base 

c. Collector 

(NOTE: The emitter arrow is pointing toward the N-type material 
and toward the base.) 

B. NPN transistors 

1. Block diagram „• 

a. Emitter 

b. Bare 

c. Collector 

2. Schematic 

a. Emitter 

b. Base 

c. Collector 

(NOTE: The emitter arrow is pointing toward the N-type material 
and away from the base, which is P-type material.) 

Major uses of transistors 

A. Amplification 

B. Switching 

• Hi 
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INFORMATION SHEET 

V. Forward voltage drop for transistors 

A* Germanium (Ge)»0.2 to 0.3 volts \ ~ * ' * * 

B. Silicon (Si)--0.6 to 0.7 volts 
VI. Biasing arrangements for PNP and NPN transistors (Transparency 2) 

A. Emitter-Base-has forward bias 

# 

B. Base-Collector has reverse bias 

(NOTE: The difference in the PNP and NPN biasing arrangements is that 
polarity is reversed.) 



VII. Electron flow in NPN and PNP transistor circuits (Transparency 3) 

A. PNP-Electrons flow from emitter to collector through external circuit 

B. NPN : -Electrbns flow from collector to emitter through external circuit 
VIII. ' Typical transistor types (Transparency 4)% 

4 

A. Small signal-Relatively small and handles small currents 

B. Power-Relatively large and handles large currents 



\ 
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Transistor Block Diagrams 
and 



Emitter 



Collector 



T 



Base 

Block Diagram 



Emitter (E) Collector (C) 



rr 




|\ 1 






N 


: P 






Base (B) 

Schematic 



PNP Transistor 



Emitter 



Collector 



p. 




Emitter*(E) 



Collector (C) 



Block Diagram 



NPN Transistor 




Base (B) 

Schematic 



(NOTE: In both PNP and NPN transistors, the arrow on the emitter lead points 
toward the N-type material.) 
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Correctly Biased Transistors 



Common Base 



p 


N 


P 


LU 


B 


C > 



+ 



+ 



111- 



N 



X 



Common Emitter 

c 



Forward Bias Reverse Bias 

Block 

PNP Transistor Bias 




Common Base 



II 



+ 





N 


P 


N 




E 


B 


c 



Common Emitter 

c 



Forward Bias Reverse Bias 

Block Schematic 

. NPN Transistor Bias 
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Electron Flow in NPN and PNP 
Transistor Circuits , 

wwv 



AAAAAA 
'B 




' lE=lB+IC 

NPN Circuit 



<B 




'E 



Ie=Ib + "c 
PNP Circuit 
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Typical Transistor Types 



Small Signal Transistors 





(Bottom View) 



(Bottom View) 



r 



I o o o 

\ E B C J 
(Bottom View) 



Power Transistors 







Mounting Stud 
Case (Collector) 




(Bottom View) 



i (NOTE: There may be other base diagrams) 




Case 
{Collector) 
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TRANSISTORS 
UNITV 

ASSIGNMENT SHEET #1--LABE LA TRANSISTOR CIRCUIT • 

Directions: On the transistor circuit below, labehor draw the following: 

a. Category of transistor 

1. NPM 

2. PNP 

b. Leads %# 

1. Emitter 

2. Base ' 

3. Collector 

c. Draw in the correct battery-bias supplies . 

d. - Electron circuit flow 
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* TRANSISTORS , • 

» UNITV 

. JOB SHEET #1--TEST TRANSISTORS • . 

I. Tools and equipment . ^ x 

A. Assortment of transistors (both signal and power types) 

B. Ohmmeter * 

C. Transistor # te!Jter (if available) 

II. Procedure * - m V^f 

# A. Carefully examine the assortment of transistors and note the differences in 

size, shape, and lead arrangements , ^ 

4 

• B* Choose two signal transistors and one^power transistor 

C. ( Determine which ohmmeter lead is positive and which is negative 

--(NOTE: Either get this from the manufacturer's instruction book or by 
measuring the voltage with' a voltmeter.) 

* 

D. Identify the emitter, base, and collector leads 

E. Place the ohmmeter on R x 1 00 range 

(NOTE: This is necessary because there may be too much voltage if the 
ohmmeter is placed in a high range.) 

F. Determine the forward-biased Emitter base junction te 

1. Place the positive ohmmeter Jead on the emitter lead and the negative 
ohmmeter lead on the base lead 

2. Note the resistance reading 

3. Place the negative ohmmeter lead on the emitter and the positive 
ohmmeter lead on the base 

« * 

4. Note the resistance reading t 

5. 'Compare the two resistance readings 

6. Repeat steps 1 through 5 for the collector-base junction 

* • 

7. From above^ reading, dt.ermine whether the transistor is good or 

/ bad * 

i - 
o 

v 8*< If the transistor tested was good, state whether it is PNP or NPN 
9. If the .transistor tested was bad, state where it was open or shorted 
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JOB SHEET #1 



G. If your lab has a transistor tester, # following the instructions given in opera- 
tions manual, check the transistor 



K Check your findings with your instructor 



DATA CHART 



^EB 



<BE 



XB 



l BC 



EMITTER-BASE JUNCTION 



COLLECTOR-BASE JUNCTION 



TYPE OF TRANSISTOR 



0 
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bipolar Junction transistors 

.. UNITV 



NAME 



TEST 



1 . Match the terms on the right with their correct definition?. 



a. 


I n e sect io n tn at co m ects majo r i ty ca r r i ers 


1 


Bipolar junction 








iransisior 


u 
D. 


I ne voltages requirea 10 rnaKc ine spnii- 


2. 


Emitter 




conductor devices operate correctly 


C. 


> 

I ne section useu to control ine now 01 


3. 


Collector 




majority carriers^ irom emiiier 10 -collec- 


4. 


Base 




tor » . 




The section that supplies majority carriers 


5 


NPN tran^i^or 


d. 










. 6. 


PNP transistor 


e, 


One of the two major categories of bipolar 








transistors consisting of P-type material for 


7. 


Bias 




the emitter, N-type material for the base, and 


8. 


Bipolar 


« * 


P-type material for the collector 


f. 


A three-terminal semiconductor current- 




V 




controlled device that is normally used 








as a control switch or as a signal or ppvyer 




/ 




amplifiers 






g. 


One of- the two major categories of bipolar 








transistors consisting of N-type material for 




1 




the emitter, P-type material for the base, and 




• 




N-type material for the collector 




1 


h. 


Two^ types *bf carriers, holes, and electrons 








flowing in transistors 






Match transistor terms with their standard abbreviations. 


» 


\ 

* » 


3. 


'b 


1. 


Transistor- 








base lead 



b. C 



vc. E 



- d - 'E 
e. B< ( 



V 



f. I 



'C 



2. Transistor- * 
emjtter read 

3. ' Traqsi&or- 

cdllector lead 

4. .Base current 

6. Emitter cui^ent* 
6. Collector current 
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3. Identify the basic elements in PNP and NPN transistor block diagrams and schema- 
tics. \ , 



b. 



\ — 1 




A— | 


« p 


N' 












_1 





T 







h 1 


N 


P 


N 









\ 



d. e. 




Block Diagram Schematic 

PNP Transistor ' 




Schematic 



NPN Transistor 



e. 

-f. 

g- 

h. 



k. 



1?2 
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4. Select the major us$s of transistors by placing an "X" in the appropriate blank. 
_a. Amplification 

b. Oscillation ■ 

c. Switching 

d. Transforming 

e. Energy storage 

V 

5. State the base to emitter forward voltage drop for germanium and silicon transis- 
tors. 



a. Qermanium 

b. Silicon 



to 
to 



volts 
volts 



6. Identify the* correct biasing arrangements for PNP and NPN transistors by drawing 
the battery connections in the circuit schematics below. 

a. PNP 



b. NPN 




123 



7. Draw the correct election flow in NPN and PNP transistor circuits. 




c. 



d. 



O 
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9. Label a transistor circuit. 

1 0. Demonstrate the ability to test transistors. 

(NOTE: If these activities have not been accomplished prior to the test, ask your 
instructor when they should be completed;) 
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BIPOLAR JUNCTION TRANSISTORS 
UNITV 



ANSWERS TO TEST 



a. 
b. 
c. 
d. 



3 
7 
4 
2 



e. 
f. 

h. 



6 
1 
5 
8 



a. 
b. 
c. 
d. 
e. 
f. 



4 
3 
2 
5 
1 
6 



3. a. Emitter 

b. 6o Hector 

c. Base 

d. Emitter (E) 

4. a, c 



e. 


Collector (C) 


i. 


Base 


f. 


Base,(B)' 


j. 


Emitter (E) 


g. 


Emitter 


k. 


Collector (C) 


h. 


Collector 


I. 


Base (B) 



5. a. 0.2 to 0.3 volts 
b. 0.6 to 0.7 volts 

6. a. PNP 




b. NPN 



T- 



l2o 
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7. a. PNP 




IE*!B*IC 



b. NPN 



~vww- 



^ — /vWv — 


7 \ - 


1 





8. - b, c, e 

9. Evaluated to the satisfaction of the instructor 
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BIPOLAR-JUNCTION' TRANSISTOR CIRCUITS 
UNIT VI 



UNIT OBJECTIVES 



* 



After completion of this unit, the student should be able to identify transistor circuits, state 
the relative -values-of current -voltage^and^power gain, in decibels,.andJistthe most common 
applications for basic transistor circuit types. The student should also be able to construct 
and test each of the basic transistor circuit types and demonstrate the ability to plot the 
output characteristic curves for a common-emitter transistor circuit. This knowledge will be 
evidenced by correctly completing the procedures outlined in the assignment and job sheets 
and by scoring 85 percent on the unit test. 



After completion of this unit, the student should be able to: 

1. Match terms related to bipolar-junction transistor circuits with their correct 
definitions. 

2. Identify the basic types of transistor circuits; 

3. Match transistor circuits with terms or values associated with circuit current gain. 

4. Complete a table showing the gain characteristics of basic transistor types. 

5. State which types of transistor circuits give signal voltage phase reversal. 

6. Match transistor circuits with their common applications. 

7. Complete a table showing the relative magnitudes of the input and output imped* 
ances for basic transistor circuits. < 

8. Compute voltage, current, and power stage gain in decibels. 



9. Demonstrate the ability to: 

a.. Construct and test a common-emitter circuit. 
*b. Construct and test a common-base circuit. 

c. Construct and test a ^TrTmon ^collector circuit: 

d. Plot a transistor output characteristic curve. 



SPECIFIC OBJECTIVES 




BIPOLAR-JUNCTION TRANSISTOR CIRCUITS 
UNIT VI 



SUGGESTED ACTIVITIES 



Provide student with objective sheet. 



Provide student with information, assignment, and job sheets. 



Make transparencies. 



Discuss unit and specific objectives. 



Discuss information and assignment sheets. 



Demonstrate and discuss the procedures outlined in the job sheets. 



Show various types of transistors. 



Give test. 



INSTRUCTIONAL MATERIALS 



Included iathis unit: 

A. Objective sheet 

B. Information sheet - 

C. Transparency masters 

1. TM 1 -Circuit Schematic Diagrams 

2. TM 2-Gain Characteristics of Basic Transistor Types 

3. TM 3- Impedance Characteristics- 

D. Assignment Sheet #1 -Compute Voltage, Current, and Power Stage Ga 
Decibels 

E. Answers to assignment sheet 

F. Job sheets 

2. Jpb Sheet #2--Construct and Test a Common-Base Circuit 




3. Job Sb3et #3-Construct and Test a Common-Collector Circuit 

e 

4. Job Sheet #4-Plot a Transistor Output Characteristic Curve 

Reference-Grob, Bernard. Basic Electronics. New York: McGraw-Hill Book Co., 
1977. 
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BIPOLAR-JUNCTION TRANSISTOR CI RCUITS 
UNITVI 



INFORMATION SHEET 

* I. Terms and definitions 

A. Gain-Ratio of the output quantity to input quantity, often abbreviated as 
"A" 

B. Voltage gain (A v )--Output voltage divided by input voltage 

C. Current gain (Aj)--Output current divided by input current 

D. Power gain (A p )-0utput power divided by input power 

E. Input impedance-The impedance of a circuit as viewed from its input 
terminals 

F. Output impedance-The impedance of a circuit as viewed from the output 
terminals 

G. db (decibel)--A ratio of ah output level to anjnput level 
II. Basic types of transistor circuits (Transparency 1 ) 

A. Common emitter 

B. Common base 

C. Common collector 

v (NOTE: For PNP transistor, reverse-bias polarity of battery ternru/ials.) 
III. Transik^r circuit current gain (Ai) % 

A. Comnton emitter * 

1 - h fe \ 

\ 

2, Beta or Jl\ 

3. Much greater^an 1 ; fypical current gain value = 50 

B. Common base" 

1 • h f b 

1. Alpha or .ft 



3. Current gain less-than 1 ; typicblly 0.95 to 0.99 
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INFORMATION SHEET 



C. Common collector 

1. Current gain is greater than 1 

2. Called emitter follower 

IV. Gain characterises of the basic transistor types (Transparency 2) 
A. Common emitter 



2. Aj = h fb =*= low (0.97) 

3. A p = medium (485) 
C. Common collector * 

1. Av= low (less than 1) 

2. Ai= high (50) r — 

3. Ap = low (48) 

~~"VT STgnatvoltage^phase-revenal"" — ~ — ~ - — _____ 

A. CE - yes 

B. CB-no 

C. CC - no 

VI. Transistor circuits and their common applications 

A. CE - Small signal amplification 

B. CB - High frequency power amplification (current regulation) 

^^^^CT^IX^^ 



1. A v = 



high (300). 



2. Aj = h fe =JJ= high (50) 

3. A p = very high (15,000) 



B. Common base 



1. A v = high (500) 
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INFORMATION SHEET 

VII. Impedance Characteristics (Transparency 3) * 

A. CE - 

1. Input impedance - Medium (1,000 ohms) 

2. Output impedance - Medium (50,000 ohms) 

B. CB 

1. Input impedance - Low (60 ohms) 

2. Output impedance - High (1 Meg ohm) 
G. CC 

1 . Input impedance - High (400,000 ohms) 

2. Output impedance - Low (100 ohms) 



0 
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V 



Circuit Schematic Diagrams 



BE 11-151 



B 



Input 
Signal 




'in 



+ 1.1.— 



NPN 



Thl + 



Output 
Signal 



CE (Common Emitter) 



Input 
Signal 
At- 




B 



— .1.1 + 



V E E 



NPW 



4 

vcc 



Output- 
R, Signal 



CB ( Common Base) 




1, Signal 
Output 
Ar 



v BB . NPN v cc . 

CC (Common Collector) 

For PNP Transistors FJeterse The Polarity of Battery Terminals 



13-1 



TM 1 



Gain Characteristics of Basic Transistor Types 





f^nmmnn Fmitt^r 

\s\J\ 1 11 1 \\J\ 1 L.I 1 IILLCI 


f^nmmnn Rocp 
vAJII 1 1 1 lUl l pdoc 


Pommnn Cnllpntor 

wU 1 1 II 1 IUI 1 wUIICv lv 1 


Voltage Gain 
A VOut 
A V = v1rT 


High . 
(300) 


High 
(500) 


\ : 

Low 
Less Than One 


Current Gain 
1 Out 

A| " 1 In 


High 
. (50) . 


Less Thari One 
(0.97) 


High 
(50) 


Power Gain 

P Out 
A P~ P In 


Very High 
(15,OOo| 


Medium 
(400) 


Low 
(30) 

* 




/ 
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Impedance Characteristics 



Characteristics 


Common Emitter 


Common Base 


Common Collector 


Input; 
Impedance 


Medium 
(1,000) 


Low 
' (60) 


High 
(400,000) 


Output 
Impedance 


Medium 
(50,000) 


High 
(1 M) 


Low 
(100) 
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bipolar-junction transistor circuits 
unitv; 



ASSIGNMENT SHEET #1~COMPUTE VOLTAGE, CURRENT, AND 
POWER STAGE GAIN IN DECIBELS 



Directions: Using the formulas given below, Convert the gain values to their equivalent db 
value. 

I. Formulas 

A: Voltage' gain-20 log Av = gafin Jn db 

B. Current gain-20 log Ai = gain in db 

C. Power gain*40 log Ap =y/ain in db 

Example: lf .voltage.gain is 100, then the gain in db would be 20 times 
the log of 100 which is equal to 20 x 2 or a db gain of 40 

II. Problems 

A. Voltage gain 

1. A v =100 db gain= 



2. A v = 75 dbgain- 



B. Current gain * 

1. Aj = 1 dbgain = 

2. Aj = .9& dbgain = 

C. Power gain 

1. A p = 25 dbgain = 

2. Ap =s 2 dbgain = ; 
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ANSWERS TO ASSIGNMENT SHEET #1 



A. 1. 40 db 
2. 37.5 db 

B. 1. Odb 

2. . -0.35 db 
C' 1. . 13.9&db 
2. 3.01 db 
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UNITVI 



JOB SHEET #1--CONSTRUCT AND TEST A COMMON-EMITTER CIRCUIT 

I. Tools and equipment 

A. 1 NPN transistor (2N1304 transistor) 

B. Microammeter and 2 milliameters (or 3 multimeters-zero to 50mA range) 

C. VTVM 

D. Oscilloscope 

E. Audio signal generator 

F. 1-1 M resistor. 1-47K resistor. 1-1 K resistor, 1-1 OK and 1-1 K potentiometer 
(use 1/2 watt resistor) 

(NOTE : Resistor values may vary for your particular transistor) 

G. 1-10/iF capacitor 

H. Power supply 0-20VDC 
II. Procedure 

A. Do not turn on power supply at this time 

B. Connect the circuit as shown below 



2N1304 



.Signal 
Generator 



.1M lOjtf 

r AA/ H Kffe 




Oscilloscope 




2N1304 Transistor 




Base 



Collector 



(NOTE: If you do not have a microammeter for l g insert a 100 ohm resistor 
in series and use your VTVM to read the voltage drop. Then, compute the 
current from the VTVM reading and the value of the resistor.) 
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C. Have your instructor approve your circuit wiring . 

D. Set the potentiometers to zero ohms between points A and W 

E. Set the power supply for 20V DC 

F. Adjust the collector potentiometer R 3 u ntil V ce is 6.0 volts 

G. Adjust the base resistor R 2 until the base current, Ig, is 20 microamperes 

K Recheck V ce to see that it has remained at 6.0 volts 

(NOTE: It may be necessary to readjust R 3 to maintain V ce = 6 volts 
and I =20/*A.) 

L Read and record l c when V ce = 6.0 v and lg = 20M 

I Using your VTVM read and record the b'ase-emitter.DC voltage 

K. Increase the base resistor, R 2 , until Ig is 40 microamperes 

L Recheck V ce = 6.0 volts, adjust R 3 as needed 

M. Read and record l c when V ce - 6.0 v and Ig = 40 pA 

N. Connect the signal generator across the 47K input resistor, and set the 
output frequency to 1 KHz 

0. Turn the signal generator on and adjust the input signal, e jn , across the input 
resistor R 1 to 10 mV rms value 

P. Use the oscilloscope to view this waveshape and make a sketch of the 
waveshape showing frequency and amplitude. - 

Q. Move- the oscilloscope to observe the output voltage across the 1K ohm 
output resistor 

R. Make a sketch of the output waveform, showing amplitude and frequency 
S. Compute and record the output voltage, e Q , in rms 

T. Compute the output current, i but , by .dividing the output voltage, e Q , 
by the, load resistance, 1 K 

U. Measure the rms voltage across the 1 M ohm .series resistor 

V. Compute and record the input current i jn 

W. Calculate the current gain by dividing i Qut by i jn , and express your answer in 
db 

X. Have your instructor check your calculations 

\ U2 
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Data Table 



DC measurements 
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IB 




V B E 


V c! ?=6v 


\ 


20M 






v CE = 


/ 


40M 

















AC measurements 
P-P rms 



V in 






Jin 

calculated 






- Vout 






I out 






A dB= 
• Cal. 




AjdB 

cal.. 




ApdB 
cal. 






0 


* 



'BIPOLAR-JUNCTION TRf&SISTOR CIRCUITS 

4 JOB SHEET #2--CONSTRUCT AND TEST A COMMON-BASE CIRCUIT 

I. Tools §nd equipment 

A. 1-PNP transistor (2N1305 or equivalent) . 

B. Variable power supply (0-20V DC) 

C. Oscilloscope 

D. Audio signal generator 

E. VTVM 

F. Microammeter (or multimeter) 

G. 2-milliammeters (or multimeter) 

H. Resistor 1-1 K, 1-47K, 1-1 M (use 1/2 watt resistor) 

I. One capacitor - ^Ojuf 

J. Potentiometers - 50 ohm, 1W & 750 ohm, 1W ^ 
II. Procedure 

A. Do not turn on power supply at this time 

■ B. Connect the circuit as shown below 
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JOB SHEET #2 

C. Have your instructor check your circuit wiring 

D. Adjust potentiometer R 2 until the resistance between point A and point W 
reads zero ohms 

E. Turn on power supply and s.et for 20 volts 

F. Adjust potentiometer R 3 until V CB reads 5.8 Volts 

. G. Adjust potentiometer R 2 until the collector current reads 25 mA 

H. Read and record' I c , Ig, and-l^ 

I. Adjust potentiometer R 2 to obtain a 20 microamp increase in Ig 
J. Measure and record Iq, Ig, and 1^ 

. . K. Measure V EB with the VTVM * 

L State whether your transistor is germanium or silicon 

\ M. Connect the signal generator across to 47K input-resistor 

\ N. Set the signal generator for 1 KHz 

0. Adjust the signal generator until the voltage across the 47K input resistor 
reads lOmV rms 

P. Using the oscilloscope, observe the waveshape of the voltage e jn across the 
\ 47K input resistor 

\ - Q. Sketch the waveshape of e jn showing frequency and amplitude 

R. Measure the rms voltage across the 1M resistor and compute the rms input 
\ current, i jn x 

S. Using the oscilloscope, observe the waveshape of the voltage e Q across 
the 1K load resistor 

T. Sketch the waveshape of e Q showing amplitude and frequency 

U. Calculate the rms value of e Q 

V. Calculate the rms value of the output current, i Q 

W, Calculate the voltage gain of the circuit 
i • \ 

X. Express the voltage gain of the circuit in db 

Y. Have your instructor check your calculations 

(NOTE: Remember to convert peak-to-peak voltage readings from scope to 
rms value) 

\ 
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Data Table 

DC measurements 



VCE J C 'B IE A Ib 



Test 1 
(step H) 

Test 2 
(step J) 



25jjA 












- \ 







AC measurements 

A 





P-P 


RMS 


©in 












'in 


3 

* ■* 




e 0 (vix) 






'o 






A v ' 




A v dB 1 




* : 
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JOB SHEET #3--CONSTRUCT AND TEST A COMMON- 
COLLECTOR CIRCUIT 



Tools and equipment 
„ A. Variable power supply (0-20V) 

B. 1-PNP transistor (2N1305 or equivalent) 
- C. Oscilloscope^ s » v 

D. ^Signal generator 

E. VTVM . 

F. 1 - 10pf capacitor 

G. p Resistors - 1 47 K, 1-1 K, 1-1 M (use 1/2 watt resistor) 

H. Microammeter (multimeter). % 

I. Two miltiammeters (multimeters) 

J. Potentiometers - 1-1QK, 1-1 K (use 1 watt potentiometer) 
' Procedure * 

A. Do not turn on power supply at this time 

B. " Connect recircuit as shown below ~~~ 



1M- 10nf 



Signal 
Generator 
ft 




W 

I V^AAr 

10k 



v c)e 



\A mA 



mA 



R4 
1k 



Output 



R3 

_ — WWV-, 

20V DC 1k 
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JOE(SHEET#3 



e. 

D. 
E. 
F. 



Have your instructor approve your circuit wiring 

Set potentiometer R 2 to zero ohms between points A and 

Set the power supply to 20 \tolts > 

\ 

Adjust potentiometer, R 2 until l g reads 20 juA 



W 



G. 'Adjust potentiometer R 3 until V ce as rpeasured by the VTVM reads 6 volts 

^ . ! ■ 

H. Measure and record l^, lg* ar| d 'c j 

I. Adjust potentiometer R 2 until l g reads |40^A 

J. Measure and record I g, Iq ' * • 

K. Measure V gE with the VTVM and determine if the transistor is germanium 
« or silicqn * { 

L. Connect the signal generator across the f input resistor (4>7fc')-* 

0 - • 

M. Connect the 'VTVM across the' 47K resistor and adjust the signal 
generator at ^1 KHz until the VTVM reads 10mV, rms 

•N. Read thexms voltage across the 1 meg ohm resistor 

0. . Calculate the input current ^ * h ' 

P. Sketch the waveshape of the input voltage shewing both amplitude and 
frequency, as displayed on the oscilloscope 

< - • h 

Q. < Sketch the ^observed output waveshape across . the IK load resistor 

and calculate the rms output voltage 

R. Calculate the rms value of the output current, \ Q / 

S. CalcCilate the circuit's power gain and express the value in db 

♦ 

T. Have your instructor check your calculations 



A 
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Data Table 

DC measurements 



VcE !C ° ! B 


a 'd 

'E A l B 


6.0V 




2QjjA 






6.0V. 




40jjA 





AC measurements 





p-p 


RMS 








I out 






v ik . • 






! out 












hn 






Ai 




AjdB 





erJc 
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e 

JOB SHEET #4--PLOT A TRANSISTOR OUTPUT CHARACTERISTIC CURVE 



BE 11-173 



9 

ERIC 



Tools and equipment 

A. ' 1-NPN transistor (2N1304 transistor) 

B. 1-microammeter and 2-milliameters (or three multimeters) 

C. VTVM 

D. 2-power supplies (0-20V DC) 

E. Graph paper t 
Procedure 

A. Do not turn on power supply at this time 

B. Connect the circuit as shown below 

©IK 



47K 



0-30V 




mA 



0 -30V 



.i 



C. Set the Vgg power supply until lg reads 20 ixA 

D. Record this value 

E. Adjust the Vqq power supply for voltages from 0 to 15 volts and record/ 
» to ' 



the value of Iq for each voltage reading 



en 



(NOTE: It will be necessary to use small voltage clamps for Vqq betwe 
0 and 5 volts. This will allow more measurements for Iq at the points where 
Iq rises rapidly.) 

F. Set Vqq back to 0 volts 

G. Readjust Vgg for lg equal to 40 juA 

H. Record this value 

loO 



' • JOB SHEET #4 

I, Readjust Vqq from 0 to 15 volt?, recording the value of Iq at each value of 
V CC* 

J. Set Vqq equal to 0 volts 

K. Readjust V BB for I B equal to 60 /iA 

L Record this value 

M. Readjust Vqq from 0 to 15 volts, recording the values oMq at each value of 
V CC . 

K Ask your instructor how many settings of l g you should use 
0. Plot a graph showing the relationship between l g , Iq, and Vqq 

(NOTE: The following is a sample of what your graph should look like.) 




151 




DATA TABLE 



lB=20uA ■ 



v cc 


0.2 


0.4 


0.6 


.0.8 


1.0 


1.5 


2.0 


2.5 


3.0 


5.0 


7;5 


10.0 


15.0 


'c 
































uA / ' < 






v cc 


0.2 


0.4 


0.6 


0.8 


1.0 


;1.5 


2.0 


2.5 


3.0 


,5.0 


7.5 


10.0 


15.0 


'c 


















<* 











~ 'BsBOjiA.. _ 1 . . . 



v cc 


0.2 


0.4 


0.6 


0.8 


1.0 


1.5 


2.0 


2.5 


3.0 


5.0 


7.5 


10.0 . 


15.0 


»c 
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BIPOLAR-JUNCTION TRANSI&T9R-emCUJTS 

UNIT VI . ^ - 



NAME 



TEST 

1 . Match the terms on the right with their,correct definitions. 



a. The impedance of a circuit as viewed from its 
input terminals 



b. Output voltage divided by input voltage 

c. Output power divided by input power 

d. The impedance of a circuit as viewed from the 
output terminals 

e. Output current divided by input current 

f. Ratio of the output quantity to input quan- 
tity, often abbreviated as "A" 

g. A ratio, oi an output level to an input level 



1. Gain 

2. Power gain 
3: Current gain 

4. ', Voltage gain 

5. Input impedance 

6. Output impedance 

7. db 



2. Identify the basic types of transistor circuits 



Input 
Stgnal f 



Output 
Signal 




a. 



Output 
o Stgnai Srgnal 
L Input 



C 




Signal 
Output 



V 8 B NPN V CC 



3. Match the transistor circuits on the right with the terms or values for circuit current 
gain. - 



> h fe 

b, h 



fb 

c. Much greater than 1; typical current gain 
value =? 50 

jl Beta or Ji 

e. Alpha or A 

f. Called emitter follower 



1. Common base 

2. Common emitter 

3. Common collector 



g. Current gain less than 1; typically 0.95 to 
0.99 



9 
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4. Compjete the following table to show the. .relative magnitudes of current, voltage, 
and power gain for basic transistor circuits. * 



Characteristics 


Common Emitter 


Common Base 


uommon uonecior 


Voltage Gain 
VOut 
A V= Vln 








Current Gam 
I Out 
I In 






t 

i 

I 


Power Gain 

An- P0Ut 

A P" Pin , 






7 
-/ 

i 
/ 



5. State which transistor circuit types give phase reversa) by indicating yes or no by each. 



a. CE 

b. CB 

c. ec 



6. Match the transistor circuits on the right with their common applications. 
a. Small signal amplification 1. CC 

2. CE 

3. CB 



_b. High frequency power amplification 
c. Voltage follower 



7. Complete the following table to show the relative magnitudes of input and output 
impedances for basic transistor circuits. 



Characteristics 


Common Emitter 


Common Base 


Common Collector 


Input 
Impedance 




Low 




Output 
Impedance 


* Medium 




Low 
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8. Compute voltage, current, and power gain in decibels. 

9. Demonstrate the ability to : 

a. Construct and test a common-emitter circuit 

b. Construct and test a common-base circuit. 

c. Construct and test a common-collector circuit. 

- d. Plot a transistor output characteristic curve. 

(NOTE: If these activities have not been accomplished prior to the test, ask your 
instructor when they should be completed.) 
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UNITVI 



ANSWER TO TEST * * 



1. 


a. 


5 


e. • 3 








b. 


4 


f. 1 








c. 


2 


g. 7 








d. 


6 




\ 

i 




2. 


a" 


Common emitter 


I 

\ 






b. 


Common base 


i 






c. 


Common collector- 


















3. 


a. 


2 


e. 1 




* 




b. 


r 


f. 3 




♦ 




c. 


2 


g. 1 








*d. 


2 









4. 



Characteristics 


Common,Emitter 


Common Base 


Common Collector 


— YoJtageJlain . . . 
vOut 
A V= vin 


High „ 
(300) 


High 
(500) 


Low 
Less Than One 


Current Gain 
lOut 

A,r TST 


High 
(50) 


Less Than One - 
(0 97) 


High 
(50) 


Pawer Gain , 
A p 0ut 


Very High 
(15 000) 


Medium 
(400) 


Low 
(30) 



5. 


a. 


Yes 




b. 


No 




c. 


No 


6. 


a. 


2 




b. 


3 




c. 


1 



7, 



Characteristics 


Common Emitter 


Common Base 


Common Collector 

i 


Input 
Impedance 


Medium 


Low 


Hfgh \ 


(1,000) 


(60) 


(400.000) \ 


Output 


Medium 


High 


Low \ 


Impedance 


(50.000) 


(1 M) 


(100) \ 



8. Evaluated to the satisfaction of' the instructor ^ 

9. Performance skills evaluated to the satisfaction of the instructor 
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TRANSISTOR AMPLIFIERS 
UNIT VII 

UNIT OBJECTIVE 

After completion of this unit, the student should be able to match terms associated with 
single-stage and multi-stage amplifiers, construct a load line, calculate overall amplifier gain 
in db, list the various coupling techniques, and construct and test various types of amplifier 
circuits. This knowledge will be evidenced by correctly performing the procedures outlined 
in the assignment and job sheets and by scoring 85 percent on the unit test. 
» *> 

SPECIFIC OBJECTIVES 

After completion of this unit, the student should be able to: 

1 . Match terms related to transistor amplifiers with their correct definitions. 

2. Identify a voltage divider bias circuit. 

/ 

3. Select true statements concerning leakage current. 

4. Complete a table showing the classes of amplifiers, applications, and performance 
' characteristics. 

5. Select statements describing the characteristics of a Class B push-pull amplifier. 

6. Select statements describing the characteristics of a Darlington-pair circuit. 

7. Locate .the Q point, saturation point, and cutoff point in a common emitter 
Class A amplifier circuit. 

8. Complete a list showing the characteristics of different types of coupling. 

9. Distinguish between ratio stage gains and dB^ge gams in overall amplifier gain. 

10. Select true statements concerning frequency considerations. 

1 1 . Construct a load-line for a common-emitter amplifier circuit. 

12. Calculate the overall gain of multistage-amplifier circuits. 

13. Demonstrate the ability to: 

a. Test a single-ended amplifier. 

b. Test a push-pull amplifier. 

c. Test a two stage direct coupled amplifier. 

d. Test a basic Darlington-pair amplifier.,. 
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TRANSISTOR AMPLIFIERS 
UNIT VII 



SUGGESTED ACTIVITIES 



I. Provide student with objective sheet. 

II. Provide studentAA/ith~lnformation, assignment, and job sheets. 

III. Make transparencies. 

IV. Discuss unit and, specific objectives. 

V. Discuss information and assignment sheets. 

VI. Demonstrate and discuss the procedures outlined in the job sheets. 

J/J I. GtvTteST 

INSTRUCTIONAL MATERIALS 



Included in this unit: 

A. Objectiveisheet 

B. Information sheet 

C. Transparency masters 

i 

1. TM 1 -Voltage Divider Bias Circuit 

2. TM 2-Amplifier Characteristics by Class of Operation | 

3. TM 3-Class B Push-Pull Amplifier v 

4. TM '4-Darlington Pair 

5. TM 5-Transistor Load Line ✓ 

6. TM 6-Coupling Methods* 

7. TM 7--Frequency Compensation Networks 

D. Assignment sheets 

1. Assignment t Sheet #1-Construct a Load Line for a Common-Emitter 
x Amplifier Circuit 

2. Assignment Sheet #2--Calculatethe Overall Gain of Multistage-Amplifier 
Circuits 
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V 



\ 



E. 
F. 



Answer .to assignment sheets 
Job sheets 



\ 



G. 
H. 



1. Job Sheet #1--Test a Single-Ended Amplifier 

\ 

2. Job Sheet #2--Test a Push-Pull Amplifier \ 

3. Job Sheet #3--Test a Two Stage Djrect Coupled Amplifier 
4: Job Sheet #4--Test a Basic Darlington Pair Amplifier 

'Test ■ 

Answers to test v> ^ \ 



Reference-Faber, Rodney B. Introduction to Electronic Amplifiers. Colum 
bus, OH: Merrill Publishing Co., 1971. 



A 



\ 
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TRANSISTOR AMPLIFIERS 
UNIT VII 



INFORMATION SHEET 



Terms and definitions 

A. Single-ended amplifier-An amplifier in which only one transistor is used in 
the amplifier stage 

B. Class A circuit-An amplifier biased so that the collector current flows during 
the entire input-signal cycle 

C. Class B circuit-An amplifier biased so that the collector current flows during 
half of the input-signal cycle 

D. Class C circuit-An amplifier biased so that the collector current flows for 
less than half of the input-signal cycle , 

E. Push-pull amplifier-An amplifier which uses two transistors connected 
so that each transistor contributes current to the output signal on alternate 
half cycles of the input signal 

F. Darlington pair-An amplifier circuit in which two transistors are direcjly 
coupled in such a way as to provide impedance matching wide-band fre- 
quency response and high current gain 

G. Coupling-The methods used to connect the output af one stage of amplifi- 
cation to the input of another amplifier stage 

H. Leakage current-The current that flows through a reverse-bias transistor 
junction 

I. Efficiency-The ratio of AC, power delivered to the load to + he DC power 
taken from the power supply 

* J, Crossover distortion-Distortion of the output of push-pull amplifier due to 
^ non-linear characteristics of the transistors 

Voltage divider bias circuit (Transparency 1) , 

A. Divides source voltage across a network of resistors 

B. Permits use of a selected portion of source voltage 
Leakage current 

A. Types 

1. Common-base leakage current 0cBO^" With no er ™ tter current 

2, Common-emitter leakage current (iQgQ)-With no base current 
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B. Problems 

,~ J|. -.Ambient-temperature rise increases leakage current 

2. Leakage current rise increases junction temperature 

3. Conditions given in parts 1 ahd^2 can cause thermal runaway which 
may result in the destruction ofihe transistdr 

C. Stabilizing resistor (Re in a common-emitter circuit)--Reduces the amount of 
voltage available at the input, which reduces the input-bias current* and 
provides more stable operating conditions 



IV. Classes of amplifiers, applications, and performance characteristics (Transpar- 
ency 2) 4 



Class 


Application 


Distortion 


Efficiency 


A ' 


Audio-type amplifiers 


Least 


Least 


B 


Push-pull audio po.wer 
amplifiers 

* 


Approximately 
same as Class A* 
when operated in 
( a push-pull con* 
figuration 


Medium 


c 


High frequency 
applications and 
oscillators 


Highest 


Highest 



(NOTE: Cla$s B amplifiers conduct only during one half of the input signaf 
cycle, when operated in a single-ended configuration giviqg medium distortion.) 



V. Class B push-pull amplifier (Transparency 3) 

A. Requires two transistors 

B. Reduces distortion (even and odd harmonic) 

C. Increases load impedance 

p. 'Increases output power * 

* 

E. Each transistor conducts during one-half of the input cycle 

F. Requires proper bias to eliminat^*crossover distortion 
VI, Darlington-pair circuit (Transparency 4) 

A. Dfrect coupled type of circuit » 

B. Used for impedance matching or in place of an impedance matching trans- 
former 



BE 



INFORMATION SHEET 

C. Wide band frequency response . > 

D. Voltage gain is less than one 

E. High current gain " * 

Class A operation load lige (Transparency 5) ^ 

A. Characteristic curves fc $ v 

. 'c * " * 
Z V CE ■ . : 

3- " B " . 

Vpr, 

B. Saturation l CMAX = 

C. CutoffJ c = 0;V£ E = V cc 

D. Operating point or Q point for Class A amplifier 
Characteristics of different types.of coupling 

A. Resistance-capacitance (RC) coupling (Transparency 6) 

1. JJroad frequency response 

2. Economical 

3. . Small physical size 

4. Provides dc isolation 

5. Limits low frequency response 

B. Impedance coupling (Transparency 6) , 

1. Amplifier output is larger at high frequencies than at low frequencies 

2. Used when a narrow band of frequencies or a single frequency is 
, to.be amplified 

C. Transformer coupling (Transparency 6) 

1. Used in power stages 

2. Used for impedance matching 

3. "More costly than RC coupling 

nV 4. Requires mc^re spage and is heavier 
5. Excellent dc isolation between stages 
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IX. 



D. Direct coupling 

1 . Used for very low frequency or dc 

2. Used to couple only a few stages because of noise and signal amplifica- 
\tion 

d 

3. Widely used for a Darlington-pair amplifier 
Overall amplifier gain 

A. Ratio stage gains-Multiply 

B. dB stage gains-Add 

Example: (calculation - Av): 



INPUT O- 



0.1V 




0.5 




5.0V 




A \ 30.0V 

A 3> O OUTPUT 



Ratio- A 1 = 5, A 2 = 10, A3 = 6; (A 1 ) (A 2 ) (A3) = A y Total = 300 
dB- A 1 = 1 3.98dB, A 2 = 20dB, A3 = 1 5.56dB 
. or A v db = 20 log 300 49.54dB 

A 1 + A 2 + A3 = A v dB Total = 49,54dB 
Frequenby>considerations 



A* Low frequency response of an amplifier is limited by circuit series capaci- 
tance or shunt inductance 

B; High frequency response of an amplifier is limited by circuit shunting 
capacitance or serieVioduct^nce 



\ 



o C. - .,F(equency compensation networks (Transparency 7) 
. 1 ♦ High frequency compensation 
"* * * 2, Low frequency compensation 




BE 11-191 



TM 1 



•BE II -193 
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Amplifier Characteristics 
by Class of Operation 



Class A Operation 



Class B Operation 



Class C Operation 
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Input 



Output 



TM-2 



BE 11-195 



Class B Push-Pull Amplifier 




Darlington Pair 

9 Vcc 




BE II - 199 



Transistor Load line 

(Glass A Operation) 



Loadline 




10 
V 



l 6 =80 uA 



l B =60 juA 



l B =40 jjA 



l B =20 jjA 

j B = 0 pA 
15 (20 25 30 volts 
CE V < V CC> 



Procedure 

A. Locate maximum current point, 

Vqq =Jmax 
RL 

B. Locate maximum voltage point 



*CE ~ V CC 

C. Connect these two points with a straight line 

D. Locate operating point, Q point, by the inter- 
section of the I b line with the load line 



E. Saturation point 

F. Cut off point 
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Coupling Methods 




Transformer Coupling Direct Coupling 

lf'J " . 171 



BE . 1 1 - 203 

Frequency Compensation Networks 



Compensation Network 




High Frequency Compensation 



V qq Series Cap 



Input 

Compensation Network 






> < 




Output 


• < 




w w 



Low Frequency Compensation 



6 
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TRANSISTOR AMPLIFIERS 
c ' 'UNIT VII 



ASSIGNMENT SHEET #1--CONSTRUCT A LOAD LINE FOR A 
COMMON-EMITTER AMPLIFIER CIRCUIT 



Direction: Construct a load-line for the transistor circuit shown below and locate the 
following points: ^ 

A. Q point (operating point) t . * . . _ .« 

B. Saturation point 
■ C. 1 Cutoff point 



500K& 



10V — ~ V 



2.2RK2 
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ASSIGNMENT SHEET #2-CALCULATE THE OVERALL GAIN OF 
MULTISTAGE-AMPLIFIER CIRCUITS' 



Directions: Given the amplifier block diagrams below, calculate the overall gain and express 
indB. , • - ' 

• A. ' ' 





Input * 

A v1 =7 A V2 = 9 



Output 




Assignment Sheet #1 
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UNIT VII 



ANSWERS TO ASSIGNMENT SHEETS 



10 
9m a 



l c (ma) 



V 



^ =-2R-= 9mA 



R L 2.2K 







l B =-80/nA 










. — -l B = 60/uA 






l B = 40/uA 






l R = 20uA 


r X ln=10uA 




\c 


, Ir-o * 



v CE " (volts) 



* V CE = V CC 



A. Qpt = 

B. Saturation point 

C. Cut off point 



I =_L2Y_=20mA 

B 500K 



/ 0 
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Assignment Sheet #2 

1. Av total = 35. 99db 
A V1 (7) x A v2 (9) = 63 
A v dB = 20 log 63 -i 

2. A^ = 10 A v2 = 4 - Av3 = 21 
A v Total = 10x4x21 =840 

* A v Total db = 20 log 840 = 58.49 - 

3. A„ =0.9 Ap 9 = 100 = 90 

A''dB = -.46 Ap 9 = 20db •= 19,54 

A/Fotal = (0.9) (100) = 90 

A Total dB = (10 log 3) = 10 log 100 

-.46 + 20 = 19.54 



'176 



1 ' \ 



6" /, *' 


>* , 


' - ; - f 




.. ' V" * »' 


« • transistor amplifiers. 
' ; . uwitvii 






jbs SHEET #1~TEST A SINGLE-ENDED AMPLIFIER 

< 


* 

I* 


; L Tools and equipment 






*1 : '2N2222 transistor . ^ 




8. 


147k resistor 




c 

' C. 


1*1 k resistor 



• D* Microammeter and 1 miHiamrneter {or wo multimeters} 
E, 1 -22k resistor 

f , V220fc resistor - - - - 



II. 



^ G^^ 1-1 v 5k resistor 

- - • . | * 

H. l-4Jk resistor 

I, DC power supply {0-25V) 

- J, SokJering ijon or soldering gun 
(MOTE* AH resistors are +* watL) 
Mfc potentiometer 1 
110V potentiometer 
Procedure 

A, Wire the circuit shown below 



K 

I. 



m A 



2 it'* 

•A 





BE 11-211 



\ 



B. 
C. 
D. 

E. 

F. 

H. 
I. 

J. 

K. 

u 

M. 
N. 
0. 
P. 
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Adjust potentiometer R 2 so that the voltage between points Q and P is zero 



Plug in soldering iron or gun 



\ 



After instructor approves wiping, turn on tlie power; then adjust R3 for 18 
volts between points Q and R f \ 

Adjust R2 to 50 microampslf base current, l^ 

(NOTE: It may be necessary/to readjust Rg for 4 ,! 8 volts.) 



Record the value of collector current, Iq \ 

• \ j * • *- - ~ - " 

Hold .hot-soldering gun op iron near the transistor case for three seconds 

Record the maximum value of the collector current 

Remove iron and wait until the collector current is approximately the 
same value as that recorded in Step D ' * 

Remove power and insert a 1,5k resistor (R g ) between the emitter and 
ground * l 

Apply power and readjust R2 to 50 microamps baselcurrent 

(MOTE: It may be necessary to readjust.Rg for 18 vqlts.) ^ 

Read and record the collector current „ S 

*' i 
Repeat steps G and \ j 

Remove power and replace 1.5k*with.a 4.7k resistor j 

Repeat Steps G and- 1 ; 

Calculate the changes in collector current, Iq, for each of the three condi- 
tions as shown in the table below 







Iq (cool) , 


Ip (hot) 














1.5k 








I 


4l7k 








i 



178 
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Q. Turn off the power supplies and rewire circuit as shown below 




R. After instructor has checked the wiring, o turn on the power supply and 
set it for an output of 1 5 voFts 

S. Read and record lg and Iq 

T, Hold the soldering gun or iron close to the transistor and heat it for 3 
seconds # 

U. Read and record the maximum value of Iq 

V. .Remove power and leave one end of the ?20k«ohm resistor connected to 
the base 

,W. Remove the other end from the power supply and connect it to -the collector 
of the transistor 

X, Apply power and read and record lg and Iq 

Y. Hold the soldermg gun close to the transistor and heat it for 3 seconds 
Z. Read and record the maximum value of Iq 

AA. Compute the change observed in Iq In these xno circuits and record in 
the table below 





«B 


Iq (cool) 


I c (hot) 




Voltage Divider across Vqq. 










Collector Feedback 











BB. Check completed tables with your instructor 



4 



179 



TRANSISTOR AMPLIFIERS 
UNITVII* 



JOB SHEET #2~TEST A PUSH-PULL AMPLIFIER 



BE 11-215 



II. 



Tools and equipment 
- A. 2 power transistors (TI3027 or equivalent) 

~B. Input transformer (500 ohm primary 200 ohm ceftter tapped secondary) 

C. Output transformer (1 00 ohm CT - 4 ohm) 

D. 1 A 5k resistor, 1 12 watt 

E. 1-470 ohm resistor, 1/2 watt 

F. , 1-4 ohm resistor, 2 W * , 

G. 1-0.47 ohm resistor, 2 W 

H. AF signal generator 
L ^Oscilloscope^ 

J. Graph paper 

t 

K. "0.01 jifd capacitor 

L Power supply — 

M. Multimeter 

Procedure 

A. Wire the circuit shown in the following schematic with power off 
TI3027 




OUTPUT 
or 

A a £ SPEAKER 



ERIC 
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B. Have instructor approve wiring; then turn on the power supply and adjust 
for 15 volts 

** 

C. Measure and record the base-emitter bias voltages Vg E of Q1 and Q2 

D. Co.mpute the DC-emitter currents using Ohm's Law by measuring the Voltage 
drops across the 0.47 ohm resjstors 

E. Connect the audio generator to the input transformer and set the output of 
the generator to 1 000 Hz 

F. Connect the oscilloscope across the 4-ohm load pn the secondary of the . 
output transformer and adjust the signal generator for maximum undis- 
torted output as read on the oscilloscope and sketch the 1 aveshape 

G. Connect the oscilloscope across the input and make a scale drawing of 
the scope display • * 

H. Connect the osciHoscope across the base ; emitter junction of Q1 and sketch 
the waveshape 

I. Repeat for Q2 

J. Check calculations and drawings with your instructor 



Data Table 







'e 


V OUT P-P 


V IN P-P 
















Q 2 













V 0 UT 



OUTPUT WAVESHAPE 



INPUT WAVESHAPE 
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JOB SHEET #3--TEST A TWO STAGE Dl RECT COUPLED AMPLIFIER 

Tools and equipment 

A. — 2 : 2 N ; V3 04 transistors or equivalent 

B. 2-10 /iF capacitors (20V) ' - . * 

C. 2-100 /iF capacitors (20V) 

D. 1-47k resistor (1/2 watt) 
6. 3-6.8k resistors, 1/2W 

F. 24 Jk resistors , 1 /2W 

G. -1- 3.3k resistor, 1/2W 

H. 2-510 ohm resistors, 1/2W 

I. Variable DC power supply (0-20V) ^ 
J. Oscilloscope 

KL Signal generator 

L Graph paper 

M. DrC. voltmeter 9 - * . 

Procedure 

A* Connect the following circuit with power off 

(NOTE: A voltage divider is used between the two stages to provide the 
s necessary bias for t(ie second stage.) 

. f ± 
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B. Connect the* oscilloscope across the 4.7k output resistor 

C. Connect the signal generator to the input terminals and adjust the frequency 
for 1000Hz; leave the voltage level at zero 

D. Adjust the power supply for 15 volts and measure and recoil the volt- 
ages with respect to groynd on the emitter, base, and collector of tire two 
transistQrs C 

E. Adjust the signal generator until an uhdistorted waveshape appears on 
the oscilloscope 

(NOTE: All voltage measurements should be referenced to ground. t 

F. Measure and record the poak-to-peak output voltage using the oscillo- 
scope and sketch the waveshape 

G. Measure and record the peak-to-peak input voltage at the base of the second 
transistor 

H. Measure and record the peak-to-peak output voltage at the collector of 
the first stage 

I. Measure and record the* peak-to-peak input voltage at the base Qf the first 
stage 

J. Determine the voltage gain of the first stage and convert the Voltage gain to a 
dB gain 

K.* Determine the voltage gain of the second stage and convert the voltage 
gain to dB gain '* * 

L Determine the overall voltage gain and convert the voltage gain to dB gain 

M. Connect the oscilloscope on the input (base) to tHe first stage and adjust the 
signal generator forthe maximum undistorted signal at 10KHz. 

/ (NOTE: The input signal voltage must be maintained at a constant level.) 

N. Measure and. sketch the yoltage across the output resistor 

0. Adjust the signal generator for the following ^equencies and recorr 1 the 
input and output voltage for each frequency; 10,000, 8000, 6000, 4000, 
* 2000, 1000, 800, 600, 400, and 200 Hz. 

P. °lot*a g?aph of the output voltage versus the frequency; the frequency 
should be plotted on the horizontal axis and the voltage on the vertical axis 

Q. Check calculations and sketches with your instructor 

* ■ * 

1*3 



\ 

\ 
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' JOB SHEET #3 



Data Table 





V BE 


V CE 


V EN 


v OUT P-P 


V IN P-P 


V OUT P-P 


V IN P-P 




A VdB 










X 












Q 2 














X 







TOTAL 



dB 





10KH 2 


8KH Z 


6KH Z 


4KH Z 


2KH Z 


1KH Z 


800K Z 


600H Z 


400H Z 


200H Z 


V IN P;P 






















V G!JTt P : P 
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TRANSISTOR AMPLIFIERS ' 
UNIT VII 



JOB SHEET #4--TEST A BASIC DARLINGTON-PAIR AMPLIFIER 



I.. Tools and equipment 

A. 2-PNP transistors (2N3638 or equivalent) 

B. MO juF* capacitor (25V) 

C. 1-3 M resistor, 1/2W* 

D. 1-1 k resistor, 1W 

E. Oscilloscope 

F. Signal generator 

G. Power supply (0-40V; DC) 
I.- Procedure 

A. 'Wire the following circuit with power off 




B. Connect the oscilloscope to the output of, the signal generator and the 
, signal generator to the circuit input 

C. Set the generator for 1000 Hertz and" adjust until 4 volts peak-to*peak 
is on the oscilloscope screen 

D. Place the generator leads to the Darlington circuit input leads, and leave the 
oscilloscope still connected to the generator output 

E. Move tne oscilloscope leads from the input to the output and measure 
the output voltage (peak-to-peak) 
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F. Compute the overall voltage gain in dB 

G. Check your calculations with your instructor 



Data Table 



V IN P-P 


v OUT P-P 


# 

A VdB = 





/ 



1HS 
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NAME 



TEST 



' 1 . Match the terms on the-right with their correct definitions. 



a. The current that flows through a reverse- 
bias transistor junction 

b. An amplifier which uses two, transistors 
connected so that each transistor contributes 
current to the output signal on alternate 
half cycles of the input signal - 



c. 



An' amplifier biased so that the collector 
currect flows for less than half, of the input- 
signal cycle 



d. An amplifier Jn which only one transistor 
is used in'the amplifier stage 

e. The methods used to connect the output of 
one stage of amplification to the input of 

, another amplifier stage \ 

f. The ratio of AC power delivered to the 
load to the DC power taken from the power 
supply 

g. An " amplifier biased so that the collector 
current flqwf during the entire input-signal 
cycle 

h. An amplifier biased so that the collector 
current flows during half of the input-signal 
cycle 



f. An amplifier-circuit in which two transistors 
are .directly 'icotipfed in such a way as to 
* provide irripedance matching wide-band fre- 
quency response and high current gain 



j\ Distortion of the output of the pu/lvpull 
amplifier due to non-linear characteristics 
of the transistors 



f. Leakage current 

2. Single-ended 
amplifier 

3. Class A circuit 

4. Darlington pair 

5. Push-pull amplifier 

6. Coupling 

7. Class B circuit 

8. Class C circuit 

9. Efficiency - 

10. Crossover^ 
distortion 
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2. Identify th , voltage divider bias circuit by placing an "X lk under the appropriate 
circuit. 



a. 




v OUT 




INPUT 

Compensation Network 

b. 



'r 



BE 11-225. 



Select true statements concerning sources of leakage current and problems associated 
with it by placing an "X" in the appropriate blanks. 



a. Icbo' s a x V pe of ' ea ' <a 9 e with n0 em » tter current 

b. Iq^q is a type of leakage with no base current 

c. Ambient temperature rise increases leakage current 

d. Leakage current rise increases junction temperature 



e. Conditions given in parts c and d above can cause thermal runaway 

which may resist in the destruction of the transistor 

f. The stabilizing, resistor increases the amount of voltage available at the 

input, which reduces the input.bias current and provides .more stable opera- 
ting conditions 

Complete the following table showing the classes of amplifiers, applications, and 
performance characteristics. 



Class 


Application 


Distortion 


Efficiency 


A 


Audio-type amplifiers 






B 


Push-pull audio power 
amplifiers 






C 


- High frequency ^ 
applications and 
oscillators 







Select true statements describing the characteristics of a Class B push pUII amplifier 
by placing an "X" in the appropriate blanks. f ^ 

- a. Requires only one transistor • - 

b. Requires two transistors ; * , , 

\ i 

c. Reduces distortion / 

- ■ / 

d, Decreases output power / * 



a. Each transistor conducts during one*haIf the n^ut cycle 

* / 
f. Requires proper bias to eliminate crossover distortion 

/ 



, IS 3 



/ 



6. Select true statements describing the characteristics of a Darlington p.air circuit by 
placing an "X'Mn the appropriate blanks. 

• * > 

a. Capacitance coupled* between stages \ 

b. Direct coupled type of circuit • ' 

c. Narrow barid frequency response 

\ • • - 

<j. Voltage gain is less than one 7 
e. High current gain * . m % • : 



7. Locate the Q point, saturation point, and cutoff noint in a common Emitter Class 




Complete a list shewing the characteristics of different iypB of coupling by placing 
the correct information m the blanks befovv each of the ibHo^*mg headings. . 1 . 

a. . Resistance capacitance coupling - * -» , 

1) - \ . ( 

2) EcTondmica! v * 1 ' \: 
' ' 3£ Small physical sae' " - 

* t 41 .Provides de isolation t . * • * - 

5) 'Uflutslow frequency response . - v * .„ * * 

6 impedance* pouplmg " H - „ / . \ * ' ' 
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d. Test a basic Darlington-pair amplifier 

(NOTE: If these activities have not been accomplished prior to the test, ask your 
instructor when they should be completed.) 
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c. Trspsformer coupling 

1 ) Used in power stages 

2) Used for impedance matching 

3) More costly than RC coupling 

4) Requires more space and is heavier 

5) 

d: Direct coupling 

1 ) Used for very low frequency or dc 
# 2) Used to couple only a few stages because of noise and signal amplification 
3) . - 

9. Distinguish between ratio stage gains and db stage gains in overall amplifiergain by 
placing an " R 11 next to material that applies to ratio gains and "dB" beside material 
that applies to dB gain. 

a. Multiply 



b. Add* 



10. « Select true statements concerning frequency considerations b.y placing an "X" in 

the appropriate blanks. 

1 % 
a - Low frequency response of an amplifier is limited by circuit series capa- 
citance or shunt inductance 

_ b - High frequency response of an amplifier is limited by circuit series capa- 
citance or series inductance 

_c. Frequency compensation networks include 

1) High frequency compensation 

2) Low frequency compensation 

m 

1 1 . Construct a load-line for a common-emitter amplifier circuit. 

12. Calculate the overall gain of multistage-amplifier circuits. 

13. Demonstrate the ability to: 

a. Test a sirigle-ended amplifier 

b. Test a push-puM amplifier 

c. Test a two stage direct coupled amplifier 



1.91 
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d. Test a basic Darlington-pair amplifier 

(NOTE: If these activities have not been accomplished prior to the test, ask your 
instructor when they should be completed.) 
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TRANSISTOR AMPLIFIERS 
UNIT VII 

ANSWERS TO TEST 



a. 


1 


b. • 


5 


c. 


8 


a. 


2 — 


e. 


6 


f. 


9 


g. 


3 


h. 


7 


i. 


4 


i- 


10 



A 



2. a 

.3. a, b, c, d, e 



4. 



Class 


Application 


Distortion 


Efficiency 


A 


Audio-type amplifiers 


Least 


Least 


B 


Push-pull audio power 
amplifiers 


Approximately 
same as.Class A 
when operated in 
a push-pull con- 
figuration 


Medium 


c 


High frequency 
applications and 
oscillator^ 


* Highest 


Highest 



5, b, c, e, f 



6. b, d, e - 

7. a. Saturation point 

b. Q point 

c. Cutoff point 

8. a. 1 ) Broad frequency response* 

b. 1 ) Amplifier output is larger at high frequencies than at low frequencies 

c. 5) Excellent dc isolation between .stages, 

d. 3) Widely used for a Darlington-pair amplifier 

9. a. R 
b. dB 

10. a, c 



1 1 . Evaluated to the satisfaction of the instructor 
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12. Evaluated to the satisfaction of the instructor 

13. Performance skills evaluated to the satisfaction of the instructor 
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OPERATIONAL AMPLIFIERS 
• UNlTVIII 



UNIT OBJECTIVE 



After completion of this unit, the student should be able to identify the categories and 
subdivisions of integrated circuits, list advantages and disadvantages of integrated circuits, 
calculate gain for various types of operational amplifiers, and construct and test various 
types of operational amplifier circuits. This knowledge will be evidenced by correctly 
performing the procedures outlined in the assignment and job sheets and by scoring 85 
percent on the unit test. 



SPECIFIC OBJECTIVES 

After completion of this unit, the student should be able to: 

1. Match terms related to operational amplifiers with their correct definitions. 

2. Complete a diagram to show the categories and subdivisions of integrated circuits. 

3. Distinguish between the advantages and disadvantages of integrated circuits. 

4. Match inverting and nopinverting operational amplifiers with their characteristics 
and A v formulas. 

5. Match DC summing inverting and differential amplifiers with their character- 
istics and V Qut formulas. 

6. Calculate the closed-loop gain for an inverting and a noninverting amplifier. 

7. Calculate the output voltage of a DC summing inverting amplifier. 

8. Demonstrate the ability to: . 

a. Construct and test an inverting amplifier. 

b. Construct and test a noninverting amplifier. 

i 

c. Construct and test a DC summing inverting amplifier. 

d. Construct and test a differential amplifier. 



9 
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OPERATIONAL AMPLIFIERS 
• UNIT VIII 

SUGGESTED ACTIVITIE 

Provide student with objective sheet. 

Provide student with information, assignment, and job sheets. „ ' 
« 

Make transparencies. 

Discuss unit and specific objectives. 

Discuss information and assignment sheets. 

Demonstrate and discuss the procedures outlined in the job sheets. 

Give test. * j 

INSTRUCTIONAL MATERIALS 

Included in this unit: 

A. Objective sheet 

B. Information sheet 

C. Transparency masters 

1. TM 1-Categories of Integrated Circuits 

2. TM 2-Monolithic Integrated Circuit 
•3. TM 3--Hybrid Thick Film Circuit 

4. TM 4-lnverting and Noninverting Amplifiers 

5. TM 5--DC Summing Inverting Amplifier 

6. TM 6-Differential DC Amplifier 

D. Assignment sheets 

1. Assignment Sheet #1 -Calculate the Closed-Loop Gain for an Invert- 
ing and a Noninverting Amplifier 

2. Assignment Sheet #2--Calculate the Output Voltage of a DC Summing 
Inverting Amplifier 

E. Answers to assignment sheets 




F. * Job sheets 

1 . Job Sheet #1-Construct and Test an Inverting Amplifier 

2. Job Sheet #2--Construct and Test a Noninverting Amplifier 

3. Job Sheet #3-Construct and' Test a DC Summing Inverting Amplifier 

4. Job Sheet #4--Construct and Test a Differential Amplifier 

G. Test 

H. Answers to test 
References 

A. Seippel, Robert G. Designing Circuits with IC Operational Amplifiers. New 
York: American Technical Society, 1975. 

B. Rutkowski, George B. Handbook of Integrated Circuit Operational Ampli- 
fiers. Englewood Cliffs, NJ: Prentice-Hall Inc., 1975. 
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OPERATIONAL AMPLIFIERS 
UNIT VIII 



INFORMATION SHEET 



I. Terms and defintions • * 

A. Integrated circuit (IC)-A complete- electronic circuit that is fabricated on a 
single chip^of silicon 

B. Operational amplifier (OP-AMP)-A solid-state integrated circuit. amplifier 
that uses external feedback to control its gain 

C. Linear IC-A classification of integrated circuits used for analog amplification 
purposes 

D. Digital IC-A classification of integrated circuits used for switching purposes 
+ 

E. Monolithic device--A complete circuit including active and passive devices- 
and all interconnections fabricated upon a single piece of silicon crystal 
material 

■> * 

F ' £v Hybrid dev 'ce-A device which is made by mounting separate components 
^resistors, transistors, and other devices) onto a substrate of insulating 
material such as glass or ceramic 

G. Open-loop operation*-An application of an operational amplifier circuit 
that uses no external feedback 

H. Closed-loop operation--An application of an operational amplifier cir- 
cuit that uses external feedback 

II. Categories and subdivsions of integrated circuits (Transparency 1 ) 

A. Monolithic--One method of IC fabrication (Transparency 2) 

1. Bipolar-Diode and transistors 

* 

2. , Unipolar-MOSFET and JFET device 
. B. HYBRID-One method of IC fabrication 

1. Thick film-Components- are approximately 100 times thicker than 
thin film (Transparency 3) 

i 

2. Thin film-Components are a few angstroms thick (Angstrom unit,' 
A°= 10" 8 cm) 
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Advantages anddisadvantagesof integrated circuits* 

A. Advantages 

1. Small size 

2. Low cost 

3. High reliability * . * 

B. Disadvantages 

1 . Limited to low voltage applications 

2. ~Limitedjito low power applications 

3. Limited component selection m \ 

Characteristics and A v formulas for inverting and noninverting operational ampfi 
fiers t 
i 

A. Inverting amplifier (Transparency 4) 

1. Output is 180° out, of phase with the input 

2 - Av= 1^2_ 

R 1 

B. Noninverting amplifier (Transparency.4) 

1* Input is in phase with the output f 



2. R-j + R, 



Av = 



«1 



Characteristics and V out formulas for .DC summing inverting amplifier and 
differential amplifiers 

A. DC summing inverting^ amplifiers (Transparency 5) 

1. Output is the sum of the input voltages with a 180° phase shift . 

2. - R 4 / Vl V 2 V 3 ^ " * - 



'out- \ Rl R 2 R 3i 
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B. Differential amplifiers (Transparency 6). 

1. Output is a' function of trie difference between the two, input signals 

2 R * '* 

. • " V «" = 5 i-(V 2 -V 1 );R 1% R 3( R 2 =R 4 



1 
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ries of Integrated Circuits 




Hybrid Circuits 



Thin Film 



Thick' Film 
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Monolithic Integrated Circuit 




Top (oxide omitted ) 



Gold MetallicConnections 



Silicon Oxide 





N 



P-Type Substrate 



j raj 



Cross Section 



■W — -AA/V 




Schematic 



'03 
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Hybrid Thick Film Circuit 



Package Body 
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Inverting and Noninverting Amplifiers 



v o: A v v i 




Vj "Signal in 



Signal out 



Inverting DC Amplifier 

R2 

— vVWW- 



WvV-* — I 



Signal in^ 




Signal out , 

Q 



R1 + R2 



Av= Hi 



V =V A 
0 V i M V 



Noninverting DC Amplifier 
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DC Summing Inverting Amplifier 



\A| o-vvwv 

v R2 

V 2°-^A/WV 

v 3o^/vVW 




Vnut = ~R4< 



R, R 2 R 3 » 



207 



9 

ERIC 



TM 5 



BE 11-249 



Vl 



I 



v 2 



Differential DC Amplifier 



«1 

■vWVW 



R2 



+Vcc 




R3 

o — vAAA/V 



R 4 

WVWV 



A v = 



fl2 
R1 



R 4 =R 2 Rl=R 3 " 



Vout =-^-(V 2 -V 1 ) 



-O 

Vout 

Q 
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OPERATIONAL AMPLIFIERS 
UNIT VIII 



ASSIGNMENT SHEET #1--CALCULATE THE CLOSED-LOOP GAIN FOR 
AN INVERTING AND A NONINVERTING AMPLIFIER 



A. Inverting^amplifier 



X 



1. For the schematic shown below, calculate the closed-loop gain given- R* 
= 10Kand R 2 =100K X 1 

2. Calculate V Q for part 1 above given V jn = + 5 volts. 

1 R2 




V, 



B. Nohinverting amplifier 

1. For the schematic shown below, calculate the closed-loop gain given R., 
==5Kand R 2 = 10K ■ ~ 1 

2. Calculate V in for part 1 above given V = + 1 0 volts. 
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ASSIGNMENT SHEET #2~CALCULATE THE OUTPUT VOLTAGE 
OF A DC SUMMING INVERTING AMPLIFIER 



A. For the schematic shown below, R 1 = 10K, R 2 = 5K, R 3 = 10K, R 4 = 10K 
Calculate V„ 



B. Repeat part A above if R 4 is 100K 



V., = *5V 



V 2 = +2V 



Vo = +1V 



R1 



O- 



R2 



R3- 




o-v, 



21 -J 



BE II - 255 



OPERATIONAL AMPLIFIERS 
UNIT VIII 



ANSWERS TO ASSIGNMENT SHEETS 



Assignment Sheet #1 
A. Inverting amplifier 



1 - " R 2=-100K =-10 

A v~ R 1 



10K 



2 - A 3 • 

* in 

V o =(A v )(V in )=( - 10) (5) = -50 Volts. 



B. Noninverting amplifier 



1 . R 1 + Ro ™ Rn 

= 1+1°^ = 1+ 2 = 3 

M v ™ V- 
in 

V 



o 10 

V. - — =— = 3.33 Volts 
in A y 3 



Assignment Sheet #2 



(V,) R4 + (V 2 ) R4 + (V 3 ) R4 



%. R 



(5) 1_0K + (2) 10K.(1) 10K 
10K 5K 10K 



3 J 



V Q = (5 + 4 + 1) = -10 Volts. 



B. V _ 

o — »- 



(5) 100K + (2) 100K . (1) 100K~1 
10K 5K 10Kj 



= - (50 + 40 + 10) 
= -100 Volts 
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■OPERATIONAL AMPLIFIERS 
UNIT VIII 



JOB SHEET #1--CONSTRUCT AND TEST AN INVERTING AMPLIFIER 



3 



Tools and equipment 

A. OP AMP t\fpe LM741 or equivalent 

B. 470K resistor 1/4 watt 

C. 47K resistor 1/4 watt 

D. , 2.2K resistor 1/4 watt 

E. +15 volt DC power supply or dual tracking DC supply 

F. Variable DC power supply 

G. Proto-board or equipment to connect an integrated circuit 

H. Multimeter 
Procedure 

A. Connect the following circuit 

(NOTE: Review the data sheet for pin connection for the operational 
amplifier.) 



r 



Vi=lvIH 

I 



R1=47K 
AA/W 



R2=470K 
+ 




2.2K 



Offset Null 1 [I 

Inverting Input 2 
Nonihverting 
Input 

_/v- - " Vcc 4 




3_ 



Offset Null 



B. Calculate the voltage gain 

C. Calculate the output voltage across the 2.2K ohm load resistor 

D. Apply a 1 volt DC to the input resistor R 1 

E. Turn on the power supply ( 15V) to the operational amplifier 

(NOTE: Most operational amplifiers require a power supply that has a + 
and a minus voltage with reference to a common "point [ground] .) 
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F. Measure and record the output voltage and the input voltage 

(NOTE : Be sure to observe the polarity of the output voltage as compared to 
the input voltage.) 

G. Using the measured values calculate the.voltage gain; A v = V out /V jn 

H. Compare the measured gain value (step G) with' the calculated gain value 
(step B) 

I. Check your calculations with your instructor 



Data Table 



Av 


Vout 


Vin 


Vout 


Av 


% 


Calculated. 


Calculated 


Measured 


Measured 


Measured 


Diff 


0 






* 


< 

* 


* 



4 



213 



BE I I - 259 



OPERATIONAL AMPLIFIERS 
UNIT VIII 



JOB SHEET #2--CONSTRUCT AND. TEST A NONINVERTIJMG AMPLIFIER 
Tools and equipment 

* ♦ 

A. OP AMP type LM741 or equivalent 

B. 470K resistor 1/4 watt* 

C. 47 K resistor 1/4 watt 

D. 2.2Kjesistor 1/4 watt 

E. +_ 15 volt DC power supply or dual tracking DC supply 

F. Variable DC power supply* 

/ G. Proto-board or equipment to connect an integrated circuit 

H. Multimeter 0 
Procedure 

A. Connect the following circuit for a noninverting DC amplifier. 

(Caution: Do not turn on power it this time.) 

R 2 =470K v 
vVWv — - ^ 



R!=47K 



V:=1V 




\ 



'B. Calculate the voltage gain 

C. Calculate the output voltage , 

D. Apply 1 volt DC to the noninverting input (pin 3) * 

E. Turn on the +_ 15 volt power supply ? 

F. Measure and record the output voltage and the input voltage 

'(NOTE: Observe the polarity of the output voltage as compared to the 
input voltage.) 



21 4 
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* 

JOB SHEET #2 

G. Using the measured values. calculate the voltage gain, A y = V Qut / Vj n 

H. Compare the measured gain value (step G) with calculated gain value (step B) 

I. Check your calculations with your instructor 



Data Table 



Av 
Calculated 


Vout 
Calculated 


Vin 
Measured 


Vout 
Measured 


Measured 


% 

Diff 




c 








\ 












1 















1 
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OPERATIQNADAIVIPLIFIERS * 
UNIT VIII . ■ 



* JOB SHEET #3--CO,NSTRUCT AND TEStA DC SUMMING 
INVERTING AMPLIFIER 



Tools and equipment ' 

A. OP AMP type LM741 or equivalent » * ^ . 

B. resistor 1/4 watt 

C. 3-47 K resistors 1/4 watt 

D. n 2.2K resistor 1/4 watt A * r 

E. +_ 15 V DC pow^r supply or equivalent 

F. Variable DC powder supply ' ^ ; 

G. *Proto-board or equipment to connect an integrated circuit ^ 

H. Multimeter , 
Procedure \_ " 

A. Connect the following circuit for a DC summing inverting amprtifier ' 
(CAUTION: Do nQt turn on the povyer at this time.) 



. - H 1 

V.i=.5v O" VvV— i 

, R 2 
V 2 =.2v q i>vVVu_ 

V 3 =.3v O VW 



R 4 =470K 
WW 



R r R 2 =R 3 =47K ' 




B. Calculate the output voltage ^» Km * " -i 

C. ^ Apply 0.5V to input V r , 0r2V to input V 2 , 0.3 V to inpyt V 3 V ' 

' i / • ' • 

(NOTE: It may be necessary to build- a voltage divider "to achieve these 
input voltages.) . ^ .. ^ 

t , ■.*»•* *\ 

D. ■ Turn on the +15 volt power supply • •* 
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JOB SHEET #3 . 

E. Measure and record the output Voltage andthe input voltage 

(NOTE: Observe the polarity of the output voltage as compared to the 
input voltage.) 

F. Compare the output voltage measured to the output voltage calculated 

G. Compute the output voltage if R<| - = R3 = 470K ohm resistance 

H. Compute the output voltage if R- = 4.7K ohm, R 0 = $3K ohm, and R~ - 
6.8Kohm 1 <* 

I. Check your calculations with your instructor ' . 

r 

Data Table 



Vout 


' Vin 


Vout 


" • % 


Vout 470K 


• Vout 4jK 


Calculated' 


■ Measured * 


Measured 


Diff 


Calculated 


Calculated 
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JOB SHEET #4~CONSTRUCT AND TEST A DIFFERENTIAL AMPLIFIER 

Tools and equipment 

A. OP AMP type LM741 or equivalent 

B. 2-470 K resistors 

C. 2-47 K rjesistors 

D. 1 : 2.2K resistor 

E. + T5 volt power supplv or dual tracking 

F. 2-DC power supplies (variable) 

G. Proto-boatd or equipment to connect an integrated circuit 
Procedure . 

A. Connectthe following circuit for a differential DC amplifier 
(CAUTION: Do not apply power at this time.) 
Rl f=47K R 2 = 470K 



o-VWV 

Vt = +1,0 Volt 



V 2 = +1,5 Volt 

o-AAAA 

R3 = 47K 




Vout 



R4 = 470K 



B. . Calculate the output voltage, Vout "~ \ ( 

C. Apply 1 .0 volts at V-, and 1 .5 volts at V 2 

(NOTE: You may use two separate power supplies to obtain these inputs.) 

D. Turn on the +_ 15 volt power supply 

E. Measure and record the output voltage and the input voltages 

F. Compa're the output voltage measured to the output voyage calculated 
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JOB SHEET #4 

G. Adjust V2 to 1 volt and measure the output voltage 
(NOTE: The output voltage should be very small,) 

H. Calculate the common mode gain by the following formula: 

a _ Vout or Vout 

- - A c-v;- v- - 

(NOTE: Use values from part G for the above calculation.) 

I. Calculate the difference mode gain by the following formula: 

A j- V out \ 

(NOTE: Use values from part E for the above calculation.) 
J.^ Check your calculations with your instructor 



Data Table 



Vout 
' (Measured 
V, = 1.0V 

V 2 = 1.5V 


V 1 • 
Measured 


V 2 
Measured 


Voui 
Calculated 


Vout 
Measured 
v^ v 2 = 1.0V 


A C 
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UNIT VIII 



NAME 
TEST 



1 . Match terms on the right with their correct def intions. 



jl A complete electronic circuit this is fabricated 
on a single chip of silicon 



4. 

■5. 



- b. A solid-state, integrated circuit amplifier" 
that uses external feedback to control its gain 

c. A classification of integrated circuits used for 

analog amplification purposes 

d. A classification of integrated circuits us,ed for 

switching purposes 

e. .A complete circuit including active and 

passive devices and all interconnections 
fabricated upon a single piece of silicon crystal 
material 

i 

f- A device^which is made by mounting separate 

components onto a substrate of insulating 
material such as glass or ceramic- 

9. An application of an; operational amplifier 

circuit that uses no external feedback 

^_h. An application of ah operational amplifier 

circuit that uses external feedback 

2. Complete thfe following diagram to show the categories and subdivisions oft inte- 
grated circuits. 



1. Linear IC 

2. Monolithic 
device 

3. Hybrid , 
device 

Integrated circuit 

Closed-loop 
operation 

Operational 
amplim- 

Digital IC 

Open-loop 
operation 



8. 



Integrated Circuits 



c. 
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3. Distinguish between Jhe advantages and disadvantages of integrated circuits by placing 
an "A" beside advantages and^a^'D" beside disadvantages. , 

a. Small size 

' b. Limited to low voltage applications 

c. Low cost 



_d. Limited to low power applications 
_e. High reliability 
f. Limited component selection 



4. Match inverting and noninverting operational amplifiers with their characteristics 
and Av formulas. 

a. Output i,s 180° out of phase with, the in- i. Inverting 
put # amplifier 

b. Input is in phase with the output * 2. Noninverting 

. amplifier 

c - Av=" R 2 



R1 



d. Av== R 1 + R 2 



5. Match DC summing inverting and differential amplifiers with their characteristics 
and Vout formulas. 

' a. Output is the sum of the input voltages 1. DC summing 

with a 180° phase.shift . inverting 



amplifier 

_b. Output is a function of the difference be- 
tween the two input signals 2. Differential 

amplifier 



c. Vout =-R 4 



v-, +v 2 +v : 



\ R i + R 2 +R 3y 

± Vout = R 2 (V-,-^); R 1 = R 3 ; R 2 = R 4 



* R 1 

6. Calculate the closed-loop gain for an inverting and a noninverting amplifier. 

7. Caudate the output voltage of a DC summing inverting amplifier. 
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8. Demonstrate-the ability to:, 4 

. " a. Construct and test an inverting amplifier. 

Construct and test a noninverting amplifier. 
Constructand test a DC summing inverting amplifier. 
Construct and test a differential amplfier. 

(NOTE: If these activities have not been accomplished prior to the test, ask your 
instructor when they should be completed.) 



b. 

c. 
d. 



ERLC 
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OPERATIONAL AMPLIFIERS 
UNIT VIII 



ANSWERS-TOTEST 



•1 

1 . 


a. 


4 


e. 2 




b. 


6 


f. 3 




c. 


1 


9. 8 


• 


xi. 


7 


h. 5 


2. 


a. 


Monolithic 


d. Hybrid circuits 




b. 


Bipolar 


e Thirk film 




c. 


Unipolar 


t. Thin film 


3. 


, a- 


A 






b. 


D " 






C-. 


A 






d. 


D 






e. 


A 






f. 


D 




4. 


a. 


1 






b, 


2 






c. 


1 






d. 


2 . 




5. 


a. 


i 






b. 


2 






c. 


1 






d. 


2 




6. 


Evaluated to the satisfaction of the instructor 



7. Evaluated to thesatisfaction of the instructor 



8. Performance skills evaluated to^the satisfaction of the instructor 
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LOGIC DEVICES 
UNIT IX 



UNIT OBJECTIVE 



After completion of this unit, the student should be able to identify the schematic symbols 
for logic devices, complete truth tables for the most common logic devices, and construct 
and test various IC and discrete logic gate circuits. This knowledge will be evidenced by 
correctly performing the procedures outlined in the job sheets and.by scoring 85 percent on 
the unit test. 



SPECIFIC OBJECTIVES"^ 



After completion of this unit, the student should be able to: 

1. Match terms related tologic devices with their correct definitions. 

2. Identify the schematic symbols for AND gates, OR gates, NAND gates, NOR 
gates, Exclusive-OR gates, and NOT gates. 

3. Complete truth tables for the most common logic devices. 

4. Demonstrate the ability to: 

a. Construct and test an IC "AND" gate circuit. 

b. Construct and test an IC "OR" gate circuit. 

I c. Construct and test an IC "NAND" gate circuit. 

d. Construct and test an IC "Exclusive-OR" gate circuit. 

e. Construct and test a diode "AND" gate circuit. 

f. Construct and testa diode-transistor "NOR" gate circuit. 
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LOGIC DEVICES , ' . 

UNIT IX 

SUGGESTED ACTIVITIES • 



1. 


Provide student with objective sheet. 


II. 


Provide student with information and job sheets. 


III. 


Make transpariencies. 

* 


IV. 


Discuss unit and specific objectives. 


V. 


Discuss information sheet. 


VI. 


Demonstrate and discuss the procedures outlined in the job sheets. 


VII. 


Give test. 








INSTRUCTIONAL MATERIALS 


1. 


* 

Included in this unit 




A. Objective sheet 




B. Information sheet 




C. Transparency masters 




1. TM 1-AND and OR Gate Symbols and Truth Tables 




2. TM 2--NAND and NOR Gate Symbols and Truth Tables 



3. TM 3-INVERTERS and EXCLUSIVE-OR Gate Symbols and Truth 
Tables 

D. Job sheets 

1. Job Sheet #1 -Construct and Test an IC "AND" Gate Circuit 

2. Job Sheet #2-,-Con struct and Test an ICJ'OR" Gate Circuit 

3. Job Sheet #3~Construct and Test an IC "NAND" Gate Circuit 

4. Job Sheet #4~Construct and Test an IC "Exclusive-OR"* Gate Cin- 
. cuit 

5. Job Sheet #5--Construct and Test a Diode "AND" Gate Circuit 

6. Job Sheet #6--Construct and Test a Diode-Transistor- "NOR" Gate 
Circuit 

22o 
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LOGIC DEVICES 
UNIT IX 



INFORMATION SHEET 



I. Terms and definitions 

A. Digital circuits-Circuits that produce discontinuous signals at the output 
terminals 

B. Truth table--Summarizes the various combinations of input and corre- 
sponding output signals for logic gates 

C. High logic level-Usually considered a high voltage for positive logic and 
symbolized.by a "1 " 

D. Low logic level-Usually considered a low voltage for positive logic and 
symbolized by a "0" 

E. AND gate-Gives a logic output (1) only if all inputs are logic (1) 

F. OR Gate-Gives a high level output (1) when any one or more inputs are 
high (1) 

G. Inverter-Changes the output logic level to the opposite logic level of the 
- input; also called a NOT 

H. NAND gate-An AND gate followed by an inverter; also called a NOT-AND 
gate 

I. NOR gate- An OR gate fallowed by an inverter; also called a NOT-OR 
gate 

J- TTL (Transistor-transistor logic)-A means of fabricating* an extremely 
fast operating gate by using a multiemitter transistor 

K. MSI (medium-scale integratiori)-A digital device which contains from 
12 to 100 individual basic logic gates 

L LSI (large-scale integration)-A digital device that contains 100 or more 
individual logic gates 

M. Exclusive-OR gate-Gives a high level output when one and only one input is 
at a high level 

N. DTL (diode transistor logic)-A means of fabricating. an operating logic gate 
using diodes and transistors 
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Schematic symbols 

A. AND gate (Transparency 1) 



1. Symbol- A 

B- 
G- 




2. Output Y = ABC , 

(NOTE: ABC refers to A and B arid C) 
B. OR gate (Transparency 1) 




2. Output Y = A + B + C 

(NOTE : A + B + C refers to A or B or C) 
C. NOT gate (inverter) (Transparency 3) 
1. . Symbol- 




2. Output Y = A 

(NOTE : A refers to A inverted) 
D. NAND gate (Transparency 2) 



1-. Symbol- 



A- 
B- 
C- 



JT 



2. Qutput Y = ABC 

is 

NOR gate (Transparency 2) 
1. Symbol- 




2; ' Output Y = A + B + C 
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* INFORMATION:SHB€T 

F. Exclusive-OB gate (Transparency 3) 

1. Symbol-- A 

* c 

2. OutpOt Y = AB + Aff 
I. • Trutlj tables 

A. AND gate (Transparency 1) 




A 


B. 


c 


Y 


0 


0 


0 


0 


0 


0 


1- 


0 


0 


1 


0 


0 


0 


1 


1 


0 


1 


0 


0 


o> 


1 


0 


1 


0 


1 


1 


0 


0 


1 


1 


1 


r 



B, OR gate (Transparency 1 ) 



A 


B 


c 


Y 


0 


0 


0 


0 


0 


0 


1 


1 


Q 


: 1 


0 


1 


0 


1 


1 


1 


1 


0 


0 


1 


1 


0 


1 


1 


1 


1 


0 


1 


J 


1 


1 


1 



C. ; NOT gate (Transparency 3) 



A 


V 


0 


1 


1 


0 
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D; NAND gate (Transparency 2) 



A 


B 


c 


Y- 


0 


0 


0 


1 


0 


0 


1 


«1 


0 


1 


0 


1 


0 


r 


1 


1 


1 


0 


0 


— a 
1 


1 


0 


1 


1 


43 


; 1 


0 


1 


1 


r 


1 


0 



E. NOR gate (Transparency 2) 
\ • 



A 


B 


t 


Y 


0 


0 


0 


1 


o; 


0 


1 


0 


0 


1 


0 


0 


0 


1* 


1 


0 


1 




0 


0 


1 


0 


v 1 


'* 


i 


1 


0 


0 


i 




1 


0 



F. Exclusive-OR gate (Transparency 3) 



\ 



A 


B 


Y 


0 


0 


0 


0* 


1 


1 


1 


0 


1 


1 


1 


0 
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AND and OR Gate Symbols 
and truth Tables 




ABC=Y 



AND Gate 



A 


B 


G 


Y 


0 


0 


0 


0 


6 


0 


1 


0 


0 


1 


0 


0 


0 


1 


1 


,b 


1 


0 


0 


0 


1 


0 


i 


0 


1 


1 


0. 


0 


1 


1 


1 


T 



* « / 




A+B+C=Y 



A 


B 


C 


Y 


0 


0 


0 


0 


0 




1 


1 


0 


1 


0 


1 


0 


1 


1 


1 


1 


0 


0 


1 


1 


0 


i 


1 


1 


1 


0 


1 


1 


1 


1 


1 
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NAND and NOR Gate Symbols 
and Truth Tables 




NANP Gate 



A 


B 


C 


Y 


0 


0 


0 


1 


0 


0 


1 


1 


0 


1 


0 


1 


0 


1 


1 


1 


1 


0 


0 


1 


1 


0 


1 


1 


1 


1 


0 


1 


1 


1 


1 


0 




A+B+C=Y 



NOR Gate 



A 


B 


C 


Y 


0 


0 


0 


1 


0 


0 


1 


0 


0 


1 


0 


0 


0 


1 


1 


0 


1 


0 


0 


0 


1 


0 


1 


0 


1 


1 


0 


0 


1 


1 


1 


0 
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Inverters and Exclusive -OR 





NOT Gate 



A=Y 



A 


Y 


0 


1 


1 


0 




Y=AB+AB 



A 


B 


Y 


0 


0 


0 


0 


1 


1 


1 


0 


1 


1 


1 


0 



Exclusive - OR 



233 



; LOGIC DEVICES 
UNIT IX 



JOB SHEET#1-CONSTRUCT AND TEST AN IC "AND" GATE CIRCUIT 



Tools and equipment 

A. SN7411 triple 3-input positive-AND gates 

B. 3 SPDT switches ' 

C. DC power supply (+5 Volt) 
-D. Multimeter 

E. Proto-board or equipment system for connecting ICs 

F. LED and a 470 ohm resistor (optional) 

Procedure ' ' ' 

A. Wire the following' logic AND gate circuit 

(NOTE: this device, 741 T, contains three AND gates on one chip, but 
only oneof the gates will be tested.) 



Top View 

VCC 1C 1Y 3C 3B 3 A 3Y 




OUTPUT=Y 
Y=ABC 



— 741 1 AND GATE 




Km 



1A 1B 2 A 2B 2C 2Y GND 



B. Check with your multimeter to be sure switches are as shown in the above 
diagram. 

(NOTE: The -switches may be replaced by simply connecting the inputs to 
+5 volts or ground.) 

C. Connect the multimeter to the output of the gate 

(NOTE: A visual output indication may be made by placing an LED and a 
series resistor [approximately 470 ohms] from the output to ground The 
diodes cathode must be connected to ground.) 
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JOB SHEET #1 



Complete the following truth table by switching the three input switches 
into ad possible combinations and recording whether the output is a "V 
(high voltage) or a "0" (low voltage) 



SW-1 SW-2 - SW-3 Y 
Input A Input B j Input _C Output 



. 0 , 


0 


0 


























u 


























1 


1 


1 





Compare the output results with the truth table gften on TM 1 
Check your results with yourjnstructor 
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LOGIC DEVICES 
UNIT IX 



JOB SHEET #2--CONSTRUCT AND TEST AN IC "OR" GATE CIRCUIT 



II. 



Tools and equipment 

A. SN7432 Quadruple 2-input positive-OR gates 
, B. , 2-SPDT switches 

C. DC power supply 

D. Multimeter 

E. Proto-board or equipment system for connecting ICs 

F. LED and a 470 ohm resistor (optional) 
Procedure 

A. Wire the following logic OR gate circuit 

(NOTE: This device, 7432, contains four OR gates on one chip but only 
one of the gates will be tested.) 



v c " C '+ 5 v 




Y OUTPUT 

Y=A+B 



=■ 7432 OR GATE 



Top View 

VCC 48 4A 4Y 3B 3A . 3Y 

i4Tifi3]JT2l4r^ 



1A 1B 1Y 2A 2B 2Y GND 



B. Check with your multimeter to be sure switches are as shown in the above 
diagram. 

C. Connect the multimeter (DC volts) to the output of the gate - 

(NOTE: A visual output indication may be made by placing an LED and a 
series resisfor [approximately 470 ohms] fropi the output to ground. The 
diodes cathode must be connected to ground.) . 
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JOB SHEET #2 



D. Complete the following truth table by switching the two input switches 
4 into all possible combinations and record whether the output is a 11 1" 
(high voltage) or a "0" (low voltage) 



SW-1 . 
Input A . 



SW-2 
Input B 



Y 

Output 



0 


0.' 

/ - - , 
















1 


• " 1 





E. , Compare the output results with the truth table given on TM 1 

F. Check your results with your instructor 



/ 



/ 
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LOGIC DEVICES 
UNIT IX 



JOB SHEET #3--CONSTRUCT AND TEST AN IC "NAND" GATE CIRCUIT 
Tools and equipment 

A. SN7400 Quadruple 2-input Positive-NAND gates 
B; 2 SPDT switches 

C. DC power supply 

D. Multimeter 

E. Proto-board or equipment system for connecting ICs 

F. LED and a 470 ohm resistor (optional) 
Procedure (> 

A. Wire the following logic NAND gate circuit 

(NOTE; Only one of the four gates on the chip will be tested. This device, 
SN7400, contains four NAND gates on one chip but only one of the gates 
will be tested.) 



Vro +5V 




■ Top View 

VCC 4B 4A 4Y 3B 3A 3Y 



Y OJJJPUT 

Y-AB 



7400-NAND 



14 _J1 


3_12_|1 








2h3M< 







1A 1B 1Y 2A 2B 2Y GND 



B. Check with your multimeter to be sure switches are as shown in the above 
diagram 

C. Connect the multimeter to the output of the gate * 

(NOTE: A visual output indication may be made by placing an LED and a 
series resistor [approximately 470 ohms] from the output to ground. The 
diodes cathode must be connected to ground.) 
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D. Complete the following truth table by switching the two input switches 
into all possibfe combinations and recording whether the output is a "1" 
(high voltage) or a "O" (low voltage) 



SW-1 


SW-2 


Y 


Input A 


Input B 


Output 


0 


. o 
















1 


1 





E. Compare the output results wth the truth table given on TM 2 

F. Check your results with your instructor 
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LOGIC DEVICES 
UNIT IX 



JOB SHEET #4--CONST,RUCT AND TEST AN IC "EXCLUSIVE-OR" GATE CIRCl/l 

. I. Tools and equipment 

A. SN7485 Quadruple 2-input Exclusive-TDR gate 

B. 2-SPDT switches e 

C. DC power supply 

D. Multimeter 

E. Proto-board or equipment system for connecting ICs 

F. LED and a 470 ohm resistor (optional) 
II. Procedure 

A. Wire the following logic exclusive OR gate circuit 

( (NOTE: This device, SN7485, contains four Exclusive-OR gates on one chip, 
but only one of the gates will be tested,) 



Vpp +5 




OY OUTPUT 
• r Y=AB+AB 



Top View 

VCC 4A 48 4Y 3A 3B 3Y 



✓CC 4A 48 4Y 3A 3B 
T4|4T3]_JT2]J1T|_^ 



— 7486 EXCLUSIVE -OR GATE ia ib iy za *b 1y gnd 



B. Check with your multimeter to be sure switches are as shown in the above 
diagram. ■ 1 

C. Cdnnect the multimeter to the output of the gate 

(NOTE: A visual output, indication may be made by placing an LED and a 
series resistor [approximately 470 ohms] from the output to ground. The 
diodes cathode must be connected to ground.) 



9 
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Complete the following truth table by switching the two inputs into all 
possible combinations and recording whether the output is a "1" (high 
voltage) or a "O 11 (low voltage) 

SW-1 SW-2 . V 

Input A . Input B Output 



0 ' 


0 
















1 


• - 1 





Compare the output results with the truth table given on TM 3 
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UNIT IX 



: JOB SHEET #5-CONSfRUCT AND TEST A DIODE "AND" GATE CIRCUIT 

I. Tools and equipment 

A. 3-silicon diodes (any available type) * 

B. 3-SPDT switches 

C. . 1-1 OOOohiff Resistor 1/4-watt >- 

D. DC power supply (+5 Volts) ^ 

E. Multimeter * 
I. Procedure 

A. Wire the following AND gate circuit 



+5VO 




OUTPUT 



B. Check your multimeter to be sure the switches are shown as the above *° 
schematic - * % 

(NOTE : Check to see that the polarity of the diodes are as shown.) 

C, ^onnect the multimeter to the output of the gate 

(NOTE: A visual output indication may be made by placing an LED and a 
series resistor [approximately 470 ohms] from the output to ground. The 
diodes cathode must be connected to ground.) 



9 
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JOB-SHEET #5 



Complete the'followirig trujh table by switching the three switches into alt 
possible combinations and recording whether the output is a "V (high 
voltagehor a"0" (low voltage) 



SW-1 



SW-2 ' J % SW-3 



Output 



Check your results with your instructor 
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\ ^ 

JOEfcSHEET #6--CONSTRUCT AND TEST A DIODE-TRANSISTOR 
"NOR" GATE CIRCUIT 



Tools ancj equipment 

A. 1-NPly Transistor f2N3568 or equivalent) 

B. 2-silico|i diodes (any available type) 

C. 3-1 000 ohm resistors, 1/2 W 

\ 

D. 1-1 OK ohm resistor, 1/2 W ! 

I 

E. 2-SPDT Switches 

F. Multimeter j 

G. DC power supply v 
Procedure • 

A. Wire the following NOR gate 



ik swi 



v ■ 

9 



Ik SW2 

-AA/V — ° 




-0+5V 



B. Check to be sure both Switches are in the position shown in the schema- 
' tic. ' * 

j 

• C. Set the multimeter to the correct DC voltage scale and connect it across the 
transistor output 

D. Notethe reading on the multimeter with both inputs "O" 

E. Change SWI to^he upper position that connect to + 5V; this is the 'T' 
position^ f SW1 - * "~ 



F. *l\lote the multimeter reading 
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G. Change SW2 to the "1 11 position and note the multimeter reading 

H. Change SW1 to the M 0" position and note the output 

I. Change SW2 to the "0" position and note the output 



J. Complete the following truth table as indicated by vhe multimeter output, 
high or, low (assume 3.5V or above is logic one and 0.4 or below is logi 



zero) 



Input 



Output 



Sw-1 



Sw-2 



K. Check your results with yourinstructor 
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NAME ; 

TEST 

1 . Match terms on the right with their correct definitions. 



^a. Gives a high level output when any one 
or more inputs are high 

_b. An. AND gate followed by an inverter; also 
called a NOT-AND gate 

C Circuits that produce discontinuous signals 
at the output terminals 

d: A digital device that contains 100 or more 
individual logic gates 

e. A means of fabricating an extremely fast 
operating ; gate by using a multimeter iransis- 

♦ tor 



j_f. An OR gate followed by an inverter; also 
called a NOT-OR.gate 



_g. Summarizes the various combinations of 
input and corresponding output signals 
for logic gates 

_h. Usually considered a high voltage for positive 
logic and symbolized by a "1 " 

I 

J. Gives a logic output only if all inputs are logic 

J. A digital device which contains from 12 
to 100 individual basic logic gates 

k. Gives a high level output when one and 
only "one input is at a high level 

J. A means of fabricating aa operating logic 
gate using diodes and transistors 

_m. Changes the output logic level to the opposite 
logic level of the input; also -called a NOT 



n. Usually considered a low voltage for "positive 

logic and symbolized by a "0" 



1. Digital 
circuits 

2. Truth 
table 

3. AND gate 

4. OR gate * 

5. Inverter 

v 6. High logic 
level 

7. Low logic 
level 

8. NANDgate 

9. NOR gate 

10. TTL 

11. MSJ 
.12. LSI 

13. Exciusive- 
OR gate 

14. DTL 
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2. Identify the schematic symbols for AND gates, OR gates, NAND gates, NOR gates, 
Exclusive-OR gates, and NOT gates in the illustrations that follow. 



A.- 
■B- 

c- 




ABC=Y " B 
C 




A+B+OY 



Gate 



b. 



Gate 




A+B+C=Y 



A- 
B - 
C- 



ABC=Y 



c. 



.Gate 



d. 



Gate 




Y=AB+AB 



. A 




A=Y 



Gate 



f. 



Gate 



Complete truth tables for the most common logic devices listed below, 
a. AND gate- 





B 


c 


y 


0 


0 


0 




0 


0 


1 




0 


1 


0 




0 


1 


1 




1 


0 


0 




1 


0 


1 




1 


1 


0 




1 


1 


1 
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b, OR gate- 



c. NOT gate- 



A 


B 


c 


Y 


0 


0 


0 




0 


0 


1 




0 


1 


0 




0 


1 


1 




1 


0 


0 




1 


0 


A 




1 


1 


0 




1 


1 


i 





A 


Y 


0 




1 


i 



d. NAND gate- 



A" 


B 


c 


Y 


0 


0 


0 




0 


0 


1 




0 


1 


0 




0 


1 


1 




1 


0 


0 




1 


0 


1 




1 


1 


0 




1 


1 


1 





e. NOR gate- 



A 


B 


c 


Y 


0 


.0 


0 




0 


0 


1 




0. 


1 


0 




0 


1 


V 




1 


0 


0 




1 


0 


1 




1 


1 


0 




1 


1 


1 





f. Exclusive-OR gate- 



A- 


B 


Y 


.0 


0 




0 


1 




1 


0 




1 


1 
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4. Demonstrate the ability to: 

a. Construct and test ah IC "AND"-gate circuit. 

b. Construct and test an IC "OR" gate circuit. * 

c. Construct and test an IC "NAND" gate circuit. 

- d. Constructand testan IC "Exclusive-OR" gate circuit. 

e. Construct and test an diode 11 AND" gate circuit. 

f. Construct and testa diode-transistor "NOR" gate circuit. 

(NOTE: If these activities have not been accomplished prior to-the test, ask your 
instructor when they should bexompleted.) 
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UNIT IX 



ANSWERS TO TEST 



1. a. 
b. 
c. 
d. 
e. 



4 
8 
1 

12 
10 



9 
2 
6 
3 
11 



k. 13 

I. 14 

m. 5 

n. 7 



a. 
b. 
c. 



NAND Gate 
OR Gate 
NOR Gate 



3. a. AND gate 



d. 
e. 

-fr 



AND Gate 
Exclusive-OR Gate 
NOT Gate — 

b. QRgate 



A 


B 


c 


Y 




A 


B 


c 


Y 


q" 


0 


0 


0 




0 


0 


0 


0 


0 


0 


1 


0 




0 


0 


1 


1 


0 


1 


0 


0 




0 


1 


0. 


1 


0 


1 


1 


0 




0 


1 


1 


1 


i 


0 


0 


0 




1 


0 


0 


1 


i 


0 


1 


'0 




1 


0 


1 


1 


i 


1 


0 


0 




1 


1 


0 


1 


i 


1 


1 


1 




1 


1 


1 


1 



c. NOT gate 



J* 


Y 




1 


1 


0 



/ 



d. NAND gate 



e. NOR gate 



f. ExclusiverOr gate 



A 


B 


c 


Y 


0 


0 


0 


1 


0 


0 


1 


1 


0 


1 


0 


1 


0 


1, 


1 


1 


1 


0 


b 


1 


1 


0 


i 


1 


1 


1 


0 


1 


1 


1 


i 


0 



A 


B 


c 


Y 


0- 


0 


0 


1 


0 


b 


1 


0 


0 


i 


0 


0 


0 


i 


1 


0 


1 


0 


0 


0 


1 


0 


1 


0 


* 


1 


0 


0 


1 


1 


1 


0 



A 


B 


Y 


0 


0 


0 


0 


1 


1 


1 


0 


1 


1 


1 


0 



. Performance skills evaluated to the satisfaction of the instructor 
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UNIT OBJECTIVE 



After completion of this unit, the student should be able to write the binary equivalent of 
decimal numbers, add numbers expressed in binary digits, and complete a truth table for a 
half-adder. The student should also be able to identify multivibrators, and construct and test 
a four-bit shift register. This knowledge will be evidenced by correctly performing the 
procedures outlined in the assignment and job sheets and by scoring 85 percent on the unit 
test. - 



SPECIFIC OBJECTIVES 



After completion of this unit, the student should be able to: 

1 . Match terms related to logic systems with their correct definitions. 

2. Convert a sequence of binary numbers to decimal numbers. 

3. Add binary numbers. 

4. Complete a truth table for a half-adder. 

5. Identify multivibrators given their input and output signal waveforms. 

6. Convert decimal numbers to their equivalent BCD. 

7. " Add numbers expressed in binary digits. 

8. Demonstrate the ability to construct and test a four-bit shift register. 
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LOGIC SYSTEMS 
UNITX 



SUGGESTED ACTIVITIES 



I. . - Provide student with objective sheet. 

II. Provide student yyith information, assignment, and job sheets. 

III. Ma&e transparencies. 

IV. Discuss unit and specific objectives. 

V. Discuss information and assignment sheets. t 
VI. Demonstrate and discuss the procedures outlined in the job sheet. 

VII. Give test. m . 



INSTRUCTIONAL MATERIALS 



Included in this unit: 

A. Objective sheet. 

B. Information sheet 

C. Transparency masters 

. 1. TM 1--Binary to Decimal Conversions 

2. TM 2-Binary Addition 

3. TM 3--Half-Adder Logic 

4. TM 4--Multivibrators 

5. TM 5--Binary Coded Decimals 

D. Assignment Sheet #1 -Add Numbers Expressed in Binary Digits 

E. Answers to assignment sheet ^ 

F. Job Sheet #1--C9nstruct and Test a Four-Bit Shift Register 

G. Test i 

H. Answers to test 



i 
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UNITX 



III. 



Terms and definfttohs 
A 



INFORMATION SHEET 

\ 



B. 
C. 



Binary number system-Lowest useful number system which has digits 0 
and 1 only , 



Bit--A single binary digit, Oor 1 
Byte-8 bits 



D. Half-adder--A combination of AND gates, OR gates, and INVERTERS used 
to perform binary addition of two single digit numbers 

E. Full-adder-A combination of two half-adders which requires the three 
inputs of A, B, and the previous carry 

F. Flip-flop (bistable multivibrator)--A circuit that is stable in two states (Oor 
1) and is used as a memory element io digital circuits 

G. One-shot (monostable fnultivibrator)--A circuit that is stable in only one 
state and is used in timing and pulse-shaping circuits 

* 

H. Free-running (astable multivibratpr)--Provides a fixed-freqgency square wave 

often referred to as a clock 
* 

I. * Binary coded decimal (BCD)--A digital code where a four bit binary charac- 

ter is used to represent each one dig^it decimal character 

J. Discrete devices-Individual components such as transistors and diodes 
(a single device) 

J 

Binary to Decimal Conversions (Transparency 1) * 

2 3 2 2 2 1 2° 

A. Number places, i.e., 10 11 

B. Number conversions-Binary to dedimal 
Binary addition (Transparency 2) 

A. Add unit digits 



/ 
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FRIC 



information'sheet 

B. Carry from right to left v ^ 

Example: To find the sum of 1 0 1 \ 

+ 00-1, proceed as follows: 

\ 

1. Add unit digits starting ffom right column 

1 , h _ — ; — . 



10 



\ 



(NOTE: This number has a carry which must be added 
to the' next column of digits to the left.), 

2. Add second column from right 

v, 1 (carry from first column) 
0 

+ o ••- \ 



1 \ 
* . * \ 

(NOTE : No carry on this addition.) 



3. 'Add.third column from right * \ 

^0 (No carry from second column) 
1 

1 

4. Total all columns and the sum of 1 0 1 

+ 00 1 



1 1 0 

IV. Truth table for a half-adder (Transparency 3) 

A. Has a sum and a carry output 

B. Used for adding two single digit numbers 

(NOTE: A carry occurs only when the inputs are both equal to 1.) 

V. Multivibrators and their input and output signal waveforms (Transparency 

4) , . 

A. Flip-flop-Bistable multivibrator 

B. One-shot-Monostable multivibratof 

C. Free-running-Astable multivibrator 

* 
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INFORMATION SHEET 1 , 

Binary Coded Decimal (BCD) numbers (Transparency 5) 

A. BCD system-Coding structure 

B. Conversion from decimal to BCD 



1 

Binary to Decimal Conversions 



2^ 2^ 2^ 2^ * " 

A. 1011 = 10 11 = (1x8)+(0x4)+(1x2)+(1xi) + 8+0+2+1 = 11 

2 (8) (4) (2) (1) V ' ^ 9 X ' ' (10) 



B. 111 = lYt° = (1x4)+(1x2)+(1x1) ■= 4+2+1 = 7 

2 (4) (2) (1) X '5 ' (10) 



C. 11011 2 = 1 1 Q lY = (1x16)+(1x8)+(0x4)+(1x2)+(1x1) = 16+8+0+2+1 



^ *** vM 
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Binary Addition 



Rules For Binary 
Addition: 

0+0=0 
0*1=1 
1+0=1 
1+1=10 



(NOTE: 1+1 = 0+a carry 1) 



Digital 



(1) 




3 

+ 1 



10 



13 

±1 
20 



10110 
01010 
100000 



1 1 1 



22 

= 10 



10 
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Muhhflbrators 




Output 



n n 



No - Input Required 



Output 



Output 




1 i 



Output changes with each 



Input 



Output 



Input 


One-Shot 


Output 




Mono- 






Stable 





1 



Input 



Output stays high tor a 
period of time then goes back 
to its normally low state 



Output 



Multivibrators may be made from either 
discrete devices or integrated circuits 
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Binary Coded Decimals 

BCD States 



Binary 

OOOO 

0001 

0010 

0011 

0100 

0101 

01 10 

011 1 

1000 

ibo-i 



_0> 

CO <D 
% * 

Men 
< 



Decimal 
0 
1 
2 

3 

.4 

5 
6 
7 
8 
9 



oinaiy 






Decimal 


1010 






10 


101-1 


-Q 
CO 




11 


1 100 


_o 


CO 


12 




15 


C/D 


1101 


b 




13 


1110 






14 


1111 






15 



Four,bits represent each decimal digit 



\ 



■7 4 
0111(0100 

I 

3 6 

0011 '0110 



I 
I 

9 1 9 
1001 j1001 

*l • 

3] ai4 
0011 hoooi 0100 



decimal 
BCD code 



decimal 
BCD code 



decimal 
BCD code 



decimal 
BCD code 
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ASSIGNMENT SHEET #1--ADD NUMBERS EXPRESSED IN 
BINARY DIGITS ' 

•/ 

A. The binary equivalent for the decimal number 20 is 10100. The binary equivalent 
for the decimal number 17 is 10001. Add the two binary equivalent numbers and - 
check by converting your answer in binary back to a decimal number. 



•B. Add the following binary numbers: 

'100011 
+ 110101. 
+ 1 0 10 1 1 • 

Sum: 

> . 

What is the decimaLequivalent of your answer? 



C. Convert the decimal number 375 to equivalent BDC code. 
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ANSWERS TO ASSIGNMENT SHEET 



10 100 
+10 0 0 1 
100101 



20 
17 
37 



B. 



rooo 1 1 

110 101 
10 10 11 
10000011 



35 
53 
43_ 
131 



0011 



0111 



0101 



26, 
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UM-T X 

JOB SHEET #1-CONSTRUCT AND TEST A FOUR-BIT 
SHIFT REGISTER 

I. Tools and equipment 

A. 2-SN7473 Dual J-K Flip-flops* 

B. DC power supply (+5 volts) 
- C. 4-LEDs 

D. 4-470 ohm resistors 

E. Proto-board or equivalent system for connecting ICs 

' F. Function generator or means of producing a square wave pulse with a 
single step capability 

G. 1-SN7404 HE* inverter 

(NOTE: This experimenn/vill use four flip-flops (J-K Flip-flops) to transfer 
the contents of the first flip-flop (register) into a second flip-flop (register) 
and so on, one bit at a time. This type of circuit is called a shift register.) 



73, H73, L73 
FUNCTION TABLE 



INPUTS 


OUTPUTS . 


* 


CLEAR CLOCK J K 


Q Q 


L X XX 


L H 


h _n__ H L 

H _T"L_ L H 
H H H 


' Po" ^0 

H L 
L H 
TOGGLE 





U 1Q 1Q GND-2K 2Q 2Q 



J 



Q Q 
CLR 



1 . 71 



1CK 1 
CLR 



1K V CG 2CK 



2 

CL"R 



2St 



6 
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Procedure 

A. Connect the following circuit 

(NOTE: If data books are available, study < ie logic diagrams for the 7473 
and the 7404 logic chips.) 



Input 



Vccli 



n 



Y 



= /2 
7404 



7473 



Most sig. bit, 
14 12 



n 



-,2 

Clk - 4 
Q 

K 3 



'CC 



^1 



13 v 



10 



5 , 



Q 

K 2 



14 



Clk 



Q 

K 1 



7473 
12 



Less sig.bit. 

7 < — l£l 



-i2 
- 4 



'CC 



'11 



13 



10 



J 


Q 

0 


Clk 




K 





I 

J 



Shift pulse (clock) 

you should be able to single 

step the clock pulse 




/ 

Output indicators place 

an LED and resistor on each of the flip - -flops 
X output (X 3 , X 2 i X v Xq) 



Ohm 



(NOTE: The outputs of all flip-flops should be "0" before you start. If not, 
momentarily ground the clear g}n (2 or 6) for the output which is high. You 
may want to try shifting additional ^ntmiBersThrough the four bit binary 
shift register. x 

The binary number 10 11 will be shifted through the shift register one bit 
at a time starting with the least significant bit (the far right bit) and moving 
from right to left.) 

B, Place a logic level "1" on the input terminal by connecting the input termi- 
nal to + Vcc (5v) 
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C. Push the shift pulse switch or clock pulse switch one time 

D. Record the outputs of each flip-flop; X 3 , X 2 , X., ( Xq 
(NOTE': The LED should light for "1 " and be off for a "0.") 

E. The next bit to be entered is also a "1" (1 0 1_ 1) so push the shift pulse 
switch one time 

F. Record the outputs of each flip-flop 

G. » Place a "0" on the input terminal by changing the input from + 5 volts 

to ground 

H. Push the shift pulse switch >> 

I. w Record the outputs of each flip-flop 

J. Place a "1" on the input terminal by chariging the input from ground to 
+5v(Vcc) * 

4 

K. Push the shift pulse switch ' 
L Record the outputs of each flip-flop 

J* 

M. Check you[ results with your instructor v 
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LOGIC SYSTEMS 
UNIT/ 



NAME ^ 
- % TEST 
Match terms on the right to their correct definitions, 
a. 8 bits 



_b. A combination of two half-adders which 
requires the three inputs of A, B, and the 
previous carry , — 



_c. A circuit that is stable in only one state and is 
used in timing and pulse-shaping circuits 

__d. A digital code where a four bit binary charac- 
ter is used to represent each one digit decimal 
character 

_e. Lowest useful number system whichuhas 
digits 0 and 1 only * , 

"""""" {^r 

_f. A combination of AND gates/ OR gates, 
and INVERTERS used to, perform binary 
addition of two single digit numbers 

_g. A-single binary digit) 0=or 1 — - * " 

Ji. Provides a fixed-frequency square wave 
often referred to as a clock 



_J. A circuit that is stable jn two states and is 
used as a memory element in digital circuits 

_j. Individual components sucKas transistors and 
diodes 



1. Binary number 
system 

2. Bit 

3. Byte 

4. Half-adder 

5. Full-adder 

6. ^lip-flop - 
• 7. One-shot 

8. FreeVunnihg 

9. Binary coded 
decimal 

10. Discrete 
devices 



Convert the following sequence of binary nupibers to decimal numbers. 

f. 110 

g. 1.11 ._ 

h. 1000 



a. 


01 


b. 


lO- 


c. ' 


ll 


d. 


100 


e. 


101 



I. 



1001 ; 

1010 



3. Add the- following binary numbers. 

1000 11 
11-0 101 
101 0 11 



4'. . Complete the following truth -table for a half-adder. 



'Input 


Output •- 


A 


,B' 


c 


s 


0 

« 


0 


' o 


0 






^0~" 


' . 1 


1 




0 




1 


1 




0 



5. Identify multivibrators- from their input and output signal waveforms. 



No - Input Required 



Output 



1 . k 



Input ' 



b. 



1 



1 



Output 



Input 



Output 
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6^Coptfert the following decimal numbers to their equivalent BCD codes. 

a. 3972 

b. 2874 v _J 

• c. 8197 



7 



7. Add numbers expressed in binary digits. 

8. Demonstrate the ability to construe t and test a four-bit shift register. 

(NOTE: these activities have not been accomplished prior to the test, ask your 
instructor when they should be completed;) 
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ANSWERS TO TEST 
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V 



1. a. 


3 


f. 


4 


b. 


5 


g- 


2 


. c. 


7 


h. 


8 


d. 


9 


i. 


6 


e. 


1 


]■ 


10 


2. a. 


1 




6 


b. 


2 


g- 


7 


c. 


3 


hr 


8 


d. 


4 


' i. 


.9 


e. 


5 


... v J - 


10 



3. 



4. 



100011 
110101 
101011 
10000011 



35 
53 
43_ 
131 



Input -_ 


Output 


A 


B 


e • 




0 


0" 


0 


0 


0 


1 


g 


1 


1 


0 




1 


1 . 


1 


j : 


0 



5. a. 
b. 
c. 

6, a. 
b. 
c. 



Free-running or astable 

Fli^flop.or-.bistable 

One-sKotof-rnohostable 



0011 
0010 
1000 



TOor 

--iooo 



01 71 

01 i 1 

1001 



0010 
0100 



7. Evaluated to the satisfaction of the instructor 

8. Performance skills evaluated to the satisfaction of the instructor 
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Special semicon ductor deu ces- 



> . - , \ UNIT OBJECTIVE 

> *, 

After completion of this ufilt, tha student should be able to identify the schematic symbols 
and output characteristic curves for various special semiconductor devices, state trie applica- 
tions for various special semiconductor devices, and construct and test various special semi- 
conductor device circuits. This knowledge will be evidenced by correctly performing the 
procedures outlined in the job sheets and by scoring 85 percent on the unit test. 

.. » /. , 

, SPECIFIC OBJECTIVES 

- - * * 

-After completion of this unit, the Student should be able to: 

r aj ? Match terms related to special semiconductor devices with their correct defini- 
tions. , - 

' 2. identify the schematic symbol for an SC8. 4 \ 

3. Sketch the outputiCharacteristic curves of an SCR, 

, t 4, Select truje statements concerning other characteristics ofan SCB. ^ 

5; Identify the schematic symbol for a Triac^ * ■ . • 

6, Sketch the output characteristic curves ftf a Triac, 

■7*^ faenjcify the schematic symbol for a Diac. 

Select trie statemehts^concferning Diac applications. 

^ 9/ Olstfdjuish between the schematic symbols for two types of thermistors. 

* c 10.7 Select true statements concerning thermistor applications^ 

- ■ 11. Identify tte^cheatf'tic symbol for a UJT. . / 

r * # ^ 7 v/ ' - ' : « ; < >* 

>* * J2. Sketch* the o^Jtptit characteristic curvesqf a UJT. ' 



V '.13;- Sfe&friie^stMem^^ 

vv . \< t fr ^V I*- 'Frfantify the i^OTptfe symbokfor-a JPEJ. - ' . 

\5 a „ ^ 1 : p^r' Sgejc^ tlfe out^tch^^fenstfecflrves of a JFET. • ^ , - 

A 4 - . 18, Ommguiih between the &b$rt)BUC; symbols for the ty/6 ty^es of.MOSFETs. 

]m<;.7y. v: ^ : » ^ ^, vr \ \ ;* . ; g c t 
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19. Select true statements cohcerm^ig the characteristics of IGFETs or MOSFETs. 

20. Demonstrate l. e ability t^: \ 



a. 
b. 
c. 
d. 



Construct and test i silicon dontrolled. rectifier-circuhT " 

r " V v 

Construct and test a unijuncti&n transistor relaxation oscillator. 
Construct and test a field effec^transistor amplifier. 



Construct and test;a thermistor controlled circuit. 



0 
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IV. 
V. 
VI. 
VII. 



SUGGESTED ACTIVITIES* 

Provide student with objective sheet. 

Provide student with information and job sheets. 

Make transparencies. 

Discuss unit and specif ^objectives. 

Discuss information sheet. 



Demonstrate and discuss the procedures outlined in the job sheets. 
Give test. 



INSTRUCTIONAL MATERIALS 



Included-in this unit: 
A. Objective sheet 
Information sheet 



B. 



Transparency masters 

'Is 



1. TM 1-Silico'n Controlled Rectifier 

2. TM2-Triac 

, 3, TM 3~Unijunction Transistor 

4, TM 4~Junetion Field Effect Transistor 

5. TM 5«lnsulated Gate Field Effecf Transistors 

D. Job sheets 1 

1. Job Sheet #1 -Construct and Test a Silicon Controlled Rectifier Circuit 

2. Job Sheet #2~Construct and Test a Unijunction Transistor Relaxation 
Oscillator 

3. Job Sheet #3~Construct and Test a Field Effect Transistor Amplifier 

4. m Job Sheet #4~Construct and Test a Thermistor Control Circuit 

E. ' Test 

F. Answers to test 
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SPECIAL SEMICONDUCTOR DEVICES 
UNITXI 



INFORMATION SHEET 



Terms ^nd definitions 



A. Thyristors~A family of multilayerecj semiconductor devices which are 
used primarily for switching current 

B. SCR (Silicon Controlled Rectifier)--A three-terminal device similar to an 
ordinary rectifier except its rectifying characteristics can be controlled; a 
member of the thyristor family 

C. Triac~A three-terminal device which is a member of the thysistor family and 
is generally applied as an.AC switching device 

D. Diac--A bidirectional trigger diode 

E. Thermistor-A temperature-sensitive resistor 

F. UJT (Unijunction Transistor)~A Specialized type of junction transistor 
which is normalfy used as a switching device - - 

G. FET (Field Effect Tran$istor)~A specialized type of transistor which is 
voltage controlled and has very high input impedance 

,H* PUT (Programmable Unijunction Transistor)~A specialized semiconductor 
< device used for switching purposes; it has a trigger voltage that is program* 
mable ^ « 

t Gate 

II. SCR schematic symbol (Transparency 1}- 




Cathode 

Hi. Output characteristic curves of an SCR (Transparency 1) 
A, Gate current 
B* Forward breakover voltage 

C. Holding current 

D. Normal rectifier characteristic 
IV. Other characteristics of on SCR 

0 

A, Small gate current required to turn on device when P*N junction is forward 
biased 

B. Remains on until anode to cathode current is reduced below minimum 
holding current , l H , - 



v 
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INFORMATION SHEET 



Triac schematic symbol (Transparency 2)* 



GatQ 




I 

Output characteristic v curves of a Triac (Transparency 2) 

A. Forwardcondition 

B. Reverse condition 

C. Forward breakover 

D. Reverse breakover 

E. AC switch characteristic 
Diac schematic symbol- 











\ 2 












Diac applications 
A. Used to triggertriacs 
8. Provides protection against ove*yoltageis 
Thermistor schematic symbols 
A. Directly heated- 




B, Indirectly heated- 




'Thermistor applications 

A. Used when a negative temperature coefficient is required 

B* Detects changes in the temperature of the surroundings 

C. Detects changes in current flow by indirect heating of the device 
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INFORMATION SHEET 



XL UJT schematic symboi (Transparency 3)- 



XII. Output characteristic curves of a UJT (Transparency 3) 

A. Resistance from base-1 to emitter is high at low-emitter voltages 

. E L , Whe n emitter voltage reaches the forward-bias level, the base-1 resistance 
drops quite suddenly between base-1 and emitter 

XIII. UJT applications * % 

• A, Wave-shaping generators . ^ 

B. Pulse-forming circuits 

XIV. PUT schematic symbol- 




XV. 



XVI. 



XVI L 



Advantages of a PUT bv r aUJT"(or transistor switch) 

A, Higher breakdown voltage 

*B. . Low voltage operation capability 

C. Programmable trigger voltage. 

D. Low cost and small size 

JFET schematic symbols (Transparency 4)~ 



' Xi j 

* i 

N - -Channel 
Output characteristic curves of a JFET 



Sp 

P*« Channel 



A. Reverse-bias junction {gate to source} controls output , 

B. Normally V device conducts when voltage is applied between the drain 
and the source 

C. * High input impedance because of the reverse-biased junction 



ERLC 
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INFORMATION SHEET 



XVI II. MOSFET schematic symbols 
* A. Enhancement mode- 

Drain 




Substrate 



Source 



P.- Channel 



? Drain 




Substrate 



B. Depletion mode- 



Gate 




P - Channel 



Gate 



Drain 




o Substrate 



i> Source 



N - Channel . 



XIX. Characteristics of IGFETs or MOSFETs 

A. Gate insulated from source and drain 

B. High input impedance because of the insulation layer 

C. Enhancement type is normally "off 11 and has no deposked channel region 

D. Depletion type is normally "on" and has a deposited .channel region 
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Silicon Controlled Rectifier 



Cathode 




Anode 
O 



Schematic Symbol 



7 



Normal Rectifier 
Characteristic 




Normal Rectifier 
Characteristic 



Holding Current 

Forward Breakover 
. - Voltage 



'Gate 



-I 



Output Characteristic Curves 



TM1 



. 259 ' 





Schematic Symbol 




TM2 
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Junction Field Effect Transistor 



Gate 




N - Channel Junction 
Field Effect Transistor 



Gate P 




JFET Construction 



r 
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/ 



• V 



-Vgs = 0 
V GS = 0.2v" 



-V GS =-0.4v 
Vp^ = 0.6v 
,VGS ~ P-Bv 



DS 



v 



TM4 
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Insulated Gate Field Effect Transistor 
IGFET ) or Metal Oxide Semiconductor 
Field Effect Transistor (MOSFET) 




Enhancement Mode 
1 [Type N-Channel) 
Schematic Symbol 




5 10 v ds« 
Output Characteristic Curves 




Gate 

<> Spurce 

Depletion -Mode \ 
, (Type N ; Channel) 
, Schematic Symbol 




v gs ■ °, 

V QS = -2 Y 



V GS = " 4v 



5. 10' 

Output Characteristic Curves 



- Arrow always points toward the N-type material. 



ERJC , 



^Source 



. IM+Region 
(Silicon Substrate) 




Metal 

f Gate pxide Insulation 

/ / ^-Channel 
Wj£ Drain 

^N+Region 



Substrate 

MOSFET Construction - Depletion-Type 
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SPECIAL SEMICONDUCTOR DEVICES 
UNITXI 

( 

JOB SHEET #1 -CONSTRUCT AND TEST A SILICON CONTROLLED 

RECITIFIER CIRCUIT 

Topis and equipment 

A. GE C106B SCR or equivalent 

B. 6-voJt power supply (300 mA) " 

G. #328 incandescent lamp and holder or equipment 
D. 1 -1 Ok potentiometer 

E/ 1-220 ohm resistor - " 

F. 1-560 ohm resistor 

Procedure 

A. Connect the circuit as shownbelow 

(CAUTION: Do not turn on the power supply at this time.) 




B. Adjust the 10k potentiometer for maximum /resistance 



C. Turn on povyer supply m " 

D; Connect your Voltmeter between the gate and cathode leads of the SCR 

E. Slov^y* decrease the resistance of the 10k potentiometer until the lamp 
lights; then read and record-the gate voltage . 

F> Disconnect the gate lead and observe 

G. Replace the gate lead 

H. Return the potentiometer to its maximum resik^cfe position 

• , I 
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■> ' v. ' 

v 'J08-SHBET&1- 



' ■- f. 



I. ' place a jumper between the anode kathode of the SGR/tfWn remove 
thejumper and observe that; the lamp goes out C V * ; 

J. Repeat Steps D. through ft, and. compare the results ofeained the. secdnd. 
timet with those obtahWthe f jm time ^ . ' * : - ' *\ * 

IC Turn off the power supply, theo ium it on sgain, and Observe, the ramps*. 
L Checkyour results witbyqUrfastrUctdf- ^ ( . 



. I KJC 
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SPECIAL SEMICONDUCTOR DEVICES 
UNITXI- 



JOB SHEEX#2~CONSTRUCT AND TEST A UNIJUNCTION 
TRANSISTOR RELAXATION OSCILLATOR 



II. 



• Equipment and material-needed 

A. GE 2N2646 UJT or equivalent 

B. Power supply (12 volts) 

C. MOk potentiometer 

D. 1-1 OQ ohm resistor 

E. 1-470 ohm resistor 

F. 1-33 ohm resistor 

G. 1-0.1/uF capacitor 

H. Multimeter 

I. Oscilloscope 
J. Graph paper 

K. Soldering iron or gun 

Procedure . 

A. With an ohmmeter, read and record the resistance between the two bases 

B. Connect the circuit shown below 

(CAUTION: Do not turn on the power supply at this time.) 



12V 



10k 



100k' 



0.1 ni 
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JOB SHEET #2 



C. Place the potentiometer in approximately the midrange position 

D. Turn on the power supply 



E. Connect the oscilloscope to observe the waveshape across the capacitor 
and sketch a scale drawing of this voltage waveshape 

F. Connect the oscilloscope to obsarve the waveshape across the 33 ohm 
resistor and sketch a scale drawing of this voltage waveshape 

(NOTE: If your, oscilloscope has two channels or if you havfc an electronic 
switch, observe the waveshapes of Steps E and F simultaneously. If not, 
draw your two pictures so you can relate the time on the sketches to each 
other.) 

G. From your sketches determine the frequency of oscillation, that is, the 
number of pulses per second that are being generated 

H. Change the potentiometer setting and observe the voltage waveshapes to 
see if the frequency changes; determine whether frequency increases or 
decreases when the potentiometer resistance is increased 

I. Connect the oscilloscope across the .33 ohm, resistor at i set the potentio- 
meter approximately to midrange, then while observing the oscilloscope, 
hold a hot soldering gun near the UJT for three seconds and observe any 
change * 

J. Check your results and sketches with your instructor 
(NOTEi : Record observation from step I.) 



BiB 



1 D 2 



f = _ 



(Note: Record observations from step I) 
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SPECIAL SEMICONDUCTOR DEVICES 
UNIT XI 



JOB SHEET #3-CONSTRUCT AND TEST A FJELD EFFECT 
TRANSISTOR AMPLIFIER 
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L Tools aijd equipment 

A. 2N5555 JFET or equivalent 

B. 2-15 volt power supplies * * 

C. 1-1 00k resistor 

D. 1 -1k resistor 

E. 1-1 00k potentiometer 

F. 1-1//F capacitor 

G. Signal generator 

H. Oscilloscope 

I. Multimeter 
J. Milliammeter 
K. Graph paper 

I. Procedure 

A. Wire the following circuit 

* (CAUTION: Do not turn on the power at this time.) 



r 



100k 




100k 
A « B 




lk 



N 



Signal 
Generator 



_ V DD 

15V 



o 



■% , Oscilloscope 
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J0BSHEET#3 



B. Turn on the drain power supply (Vqq) and observe the drain current on the 
milliammeter meter 

* 

C. Tarn on the gate power supply (Vq) and observe any change in drain current , 

D. d Adjust the potentiometer until the,drain current is barely measurable, 

then record the voltage at Point A to ground 

E. Recheck to see that both power supplies are set to 15*volts (with polarities 
as shown in the schematic) 

* ° 

F. Adjust the potentiometer until the drain current is at 4 mA, then record the 
voltage at Point A to ground * 

G. ^ Adjust the potentiometer until the drain current is at 5 mA, then record the 
voltage at Point A to ground 

H. Short out the milliammeter 

!. While reading the drain to source voltage with a multimeter, adjust the 
potentiometer until the voltage equals +1 0 volts \ 

J. Connect the signal generator through a 1 juF capacitor to Point, B 

K. Adjust the signal generator for a signal of 1 kHz, and an amplitude of 0.1 
* volt peak-to^peak , . 

♦ .« 
L. Connect the oscilloscope across the 1 k load resistor 

M. .Record the amplitude of the signal voltage across th^load resistor 

> N. Make a scale drawing of both input and output voltage waveshapes 

0. Check your results and your drawing with your instructor 
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JOB SHEET #3 



Data Table 
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'o 


Van 




Initial 






4mA 






5mA 







OUT 
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SPECIAL SEMICONDUCTOR DEVICES " 
UNITXI 

. ' ' 'J 
JOB SHEET #4-CONSTRUCT AND TEST A THERMISTOR 
CONTROLLED CIRCUIT 
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Equipment and materials needed 

A. Thermister CA31J1 .3 inch disc thermister fio @ 25°CX= 1000 ohms or 
equivalent 

B. ' DC mil I iam meter (center scale deflection) 

C. 1-4.7k ohm resistor, 1 -1k ohm resistor 

D. 1 -1 Ok ohm potentiometer 

E. 1-1 K resistor 

R. DC power supply ~ 

G. Multimeter (optional) 

H. Soldering iron or soma means to heat the thermistor 
Procedure 

A. Connect the circuit shown below 



10v. 



4.7K 



JV1A 




1K 



10K 




B. Turn the power supply on and adjust to 10 volts then adjust the potentio- 
meter until the meter gives a "0" indication 
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JOB SHEET #4 



C. Measure and record the voltage across the thermister; heat the thermistor 
with, a soldering iron or light bulb and note any change or current through 
the millimeter; remove the heat source from the thermistpr'and note any 
change of current'and voltage 

ional - 

A. ^Measure the room temperature next to the thermistor before heating the 

thermistor and record the temperature, current, and the voltage drop across 
the thermistor - 

B. Heat the thermistor until you obtain a change in current, then record the 
new qurrent, the;temperature, and the voltage across the thermistor 

-C. Calculate the thermistor's resistance for both the cold and heated conditions* 

(NOTE: You may need to review the basic electrical equations for a resistive 
bridge circuit.) 

D. Measure and record the voltage across the thermistor 

E. Heat the thermistor with a soldering iron or light bulb and note any change 
of current through the milliameter 

F. Measure and record the voltage drop across the thermistor 

G. Remove the heat source from the thermistor and note any change of cur- 
rent and voltage 
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SPECIAL SEMICONDUCTOR DEVICES 
UNIT XI 



NAME 

• : 

TEST. 

1. Match the terms on the right with their correct definitions: 



a. A famhy of multilgyered semiconductor 
' 'devices which are used primarily for switching 
current 



J> t A three-terminal device similar to an ordinary 
rectifier except its rectifying 'characteristics 
can be controlled; a member of the thyristor 
family 

_c. A three-term i ma I device which is a member of 
the thrysjstor family and, is generally applied 
as an AC switching device 

d. A bidirectional trigger diode 



• 


* 






1. 


IJJT 


2. 


Diac 


'3. 


PUT 


4. 


Thyristors 


5. 




6. 


SCR 


7. 


Triac 


8. 


Thermistor 



e. A temperature-sensitive resistor 
& 

f. A specialized type of junction transistor 

. which is normally used as a switching device 

g. A specialized type of transistor which is 

voltage, controlled and has very high input 
impedance 

h. A specialized semiconductor device used 
for switching purposes; it has a trigger voltage 
that is programmable 

2. Identify the schematic symbol for an SCR by circling the ccrect letter. 



a. 



c. 





\ 
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Sketch the output characteristic curves of an SCR on the diagram-that follows. 



-V 



t V 



-I 

Select true statementsrcbnceming other characteristics of an SCR by placing an "X" in 
the appropriate blanks! 

a. Medium gate current 

. b-. Remains on until anode to cathode current is reduced below minimum 

holding current, ^ * 

Identify the schematic symbol for a Triac by circling thereof feet letter. 
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6.* Sketch the output characteristic curves of a Triac on the: diagram below. 
* > * * 

^ i * • 




!. Select true statements concerning Diac applications by placing an "X" in the appropri- 
ate blanks. 

«_a. Used to trigger Triacs 

b. Used only with extremely low voltages 

. Distinguish between the schematic symbols for directly and indirectly heated thermis* 
tors by placing an "X" beneath the schematic for the directly heated'therrriistor. 



a. 




, 10. Select true statements concerning thermistor applications by placing an'"X H in the 
f appropriate blanks. - 

a. Used when a c positive temperature coefficient is required 

J). Detects changes in the temperature of the surroundings 

c. DeteGts changes in current flow by indirect heating of the device , 



11. Identify the schematic symbol for a UJT by circling the correct letter. 
, a. * b. c 



is 





12. T Sketch the output characteristic curves of a UJT on the diagram that follows. 



-V 



V 



-I 

/ 13. Select true statements concerning UJT applications by placing an "X" in the appro- 
• priate blanks. 

a. Wave-shaping generators 

b.t Pjulse-forming circuits * * 




G9 
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14. Identify the schematic symbol for a PUT by circling the correct letter. 




9 15. 



Distinguish between the advantages of a PUT over a UJT by placing an "X" beside 
the statements that indicate PUT advantages. 4 

; s • 

a. Higher breakdown voltage , » 



b. Low voltage o^era^on capability 

c. Programmable trigger voltage 



* d, High cost but* small size 



16. Identify the schematic symbol for a JFET by circling the correct letter. , 




G9 














* 




4 l 



B 

/ — — 

17. Sketch the output characteristic curves of a JFET.on the diagram that follows. 



7 * * 
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18. Distinguish between the xhematic symbols for MOSFETs in the enhancement mode 
and MOSFETS in the depletion mode by circling the letter beneath the schematic for 
the MOSFET in the enhancement mode. 




* 19. Select true statements concerning characteristics of IFGETs and MOSFETs by placing 
an "X" in the appropriate blanks. 

a. Qate insulated from source and drain * 

b. -High input impedance because of the insulation layer 

c. Enhancement type is normally "on" and has no deposited channel region 

d; Depletion type is normally "off" and has a deposited channel region 

20. Demonstrate the ability to: f 

a. Construct and test a silicon controlled rectifier circuit. 

b. Construct and tesf a unijunction transistor relaxation oscillator. 
" c. Construct and test a field effect transistor amplifier. 

d. * Construct and test a thermistor controlled circuit. 

(NOTE: If these activities have not been accomplished prior to the test, ask your 
- . instructor when they should be completed.) 



2$ 3 
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7. a 
.8. a 




13. a,b 

14. a 

15. a, b, c 

16. a 
17. 



r 



18. b - 
H9. a,b 

20. Performance skills evaluated to the satisfaction of the instructor 



OSCILLATORS 
UNIT XII 



UNIT QBJECTIVE 



After completion of this unit, the student should be able to identify the circuit schematic 
diagrams for various oscillator types and construct and test a Hartley oscillator. This know- 
ledge will be evidenced by correctly performing the procedures outlined in the job sheet and 
by scoring 85 percent on the unit test. 



SPECIFIC OBJECTIVES 



1. Match terms related to oscillators with the correct definitions. 

2. Identify the circuit schematic diagrams for a Hartley oscillator, a Colpitts oscil- 
lator, and a Clapp oscillator. 

3; Identify the circuit schematic diagragis for a Pierce oscillator, a TBTC oscillator, 
and an RC oscillator: 

4. Demonstrate the ability to construct and test a Hartley oscillator. 



OSCILLATORS 
" UNIT XI I 



SUGGESTED ACTIVITIES 

Provide student with objective sheet. 

Provide student with information and job sheets. 

Make transparencies. 

Discuss unit and specific objectives. 

Discuss information sheet,. 

Demonstrate and discuss the procedures outlined in the job sheets. 
Givetest. + 

INSTRUCTIONAL MATERIALS 

% 

Included in this unit: 

A. Objective sheet 

B. Information sheet 

C. Transparency masters 

1. TM 1-Hartley, Colpitts, and Clapp Oscillators 

2. TM2--Pierce, TBTC, and RC Oscillators 

D. Job Sheet #1 -Construct and Test a Hartley Oscillator 

E. Test - 
M. — Answers to-test — — 

References: ' " 

A. Millman, Jacob and Christos Halkias. Electronic Devices and Circuits. New 
York: McGraw-Hill Book Company, 1967. 

B. Schilling, Donald L. and Charles Belove. Electronic Circuits: Discrete and 
Integrated. New York: McGraw-Hill Book Company, 1979. 
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OSCILLATORS 
UNIT XII 



INFORMATION SHEET 



Terms and definitions 

A. - Oscillator--An electronic device which converts energy from a DC supply 

source into AC energy at some specific frequency 

A 

B. Feedback-The coupling of energy from the output back to the input of 
a circuit 

C. Resonant* frequency (F Q or F r )-The frequency of oscillation of a tuned 
circuit \ 

\ 

D. LC circuit-One of the classifications 'of oscillators in which the resonant 
frequency is determined by the inductor (L) and the capacitor (C) ijn the 
circuits 

E. RC gircuit^One of the classifications^ of oscillators in'which the resonant 
'frequency is determined by the resistance and capacitance in the circuit 

- _ . >. 

F. Crystal circuit-One of the classifications of oscillators in which the resonant 
frequency is determined by a crystal 

Oscillators (Transparency 1) 

A. Hartley oscillator 

1. Commcn-base or common-emitter type amplifier 

2. Tapped inductor 

3. Capacitor feedback 

4. Used for frequencies up to 160 megahertz 

B. Colpitts oscillator - 

1. Tapped capacitors 

2. Resonant frequency determined by the value of the inductor, L, 
and the series connected value of the two capacitors, C- and C n 

3. Capacitor feedback 
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INFORMATION SHEET 

C. Clapp oscillator 

1 . High degree of frequency stability in 3 variable-frequency oscillator 

2. Inductor replaced by a-series resonant circuit 

3. Limited operating frequency range x 



4. Capacitor feedback 
Oscillators {Transparency 2) 

A. Pierce oscillator 

1 . Uses a fixed-frequency crystal 

2. Very stable frequency response, often better than 0.01 percent df 
center frequency 

3. Capacitor feedback 

B. TBTC (Tuned Base Tuned Colfector) oscillator 

1. Uses interelectrode capacitance for a feedback path 

2. Cp small capacitance to assure sufficient feedbacks all times - 
~3. Capacitor feedback 

C. RC phase shift oscillator 

1 . Usually audio-frequency oscillators 

2. Considerable power, loss 

3. Inexpensive to build 

4. Capacitor feedback 
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Hartley, Colpitis and Clapp Oscillators 



B 




>L 2 



5«c 



Hartley Oscillator 



-6 



CC 




Golpitts Oscillator 



v C c 




Clapp Oscillator 
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Pierce, TBTC and RC Oscillators 



■II- 



Crystal Equivalent Circuit 




Pierce Oscillator 

CF 




Tunad-Base-Tuned ^Collector 
Oscillator (TBTC) 

Vcc 

Rc < 




C C C 

K i l( i I h 

R 



7i " j ,r r 



RC Phase Shift Oscillator 
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OSCILLATORS 
UNIT XII 

♦ 

JOB SHEET #1--CONSTRUCT AND TEST A HARTLEY OSCI LLATOR 

Tools and equipment 

A. 2N3638 PNP transistor or equivalent 

* 

B. 2m H RF transformer 

C. 1 - 0.1 /iF variable capacitor 

D. 1- 0.1 /iF capacitor 

E. 1 - 0.5 /iF capacitor 

F. 1 • 1 K resistor 

G. 1 -2K resistor " 

H. 1 -6.2 K resistor 

I. Oscilloscope 

J; DC power supply (0-25V) 

K. Frequency counter (optional) ' 

Procedure 

A. Wire the following circuit 

(CAUTIQN: Do not turn on power supply at this time.) 




B. Connect the oscilloscope to the output winding of the RF transformer 

i 
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JOBSHEET #1 

C. Turn on the power supply and observe the waveshape 

D. Adjust the variable capacitor and observe the change in.fr'equency 

E. Measure the Jowest frequency obtainable by adjusting the variable capacitor 
and the peak-to-peak voltage output* 

R Measure (using the oscilloscope) the highest frequency obtainable and 
the peak-to-peak output voltage 

G. With the oscillator operating at its highest frequency, place your finger on 
the transistor until you observe a change in frequency caused by the slight 
heating of the transistor 

W: Turn off the power supply andVeplace the transistor with another 2N3638 
PNP transistor 

I. Turn on the power supply and notice the changes that occur in the output 
' frequency or the output voltage level 

J. Check your findings with your instructor 
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OSCILLATORS 
UNIT XII 



NAME 
TEST : 



1 . Match the terms on the right with their correct definitions. 

a. The frequency of oscillation of a tunedrircmt 

b. An electronic device which converts energy 

from' a DC supply source into AC energy at 
some specific frequency 

„„c. One. of the classifications of oscillators in 

which the v resonant frequency is determined 
by £ crystal 

, d . The coupling of energy from the output back 

to the input of a circuit 

e. One of the classifications of oscillators in, x 

which the resonant frequency 4 is determined r 
by the inductor and the capacitor in the 
circuits 



_f. One of the classifications of oscillators in 
which the -resonant frequency is determined 
by the resistance and capacitance in the 
circuit 



1. Oscillator 

2. Feedback 

3. Resonanj 
frequency 



4. 
5. 
6. 



LC circuit 

RC circuit 

Crystal 
circuit 



2. Identify a Hartley oscillator, a Colpijts oscillator, and a Clapp oscillator from the 
schematics that follow. 



: 0 



lb 




o 
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V BB ^ 



Vcc 



If 




c 

If 



) J£ > J" 



c 



b. 




1* • ' : • 



c. 



Demonstrate the ability to construct and test a Hartley oscijjator. 

(NOTE; If this activit^ias not been accomplished, pjyor*to4est,iask' 1 /our instructor 
when if should be completed.) * * „ i 
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-OSCILLATORS 
UNIT XII 



a. 


3 


d/ 


2 


b. 


•1 


e. 


4 


c. s 


6 ' 


f. 


5 


a. 


Hartley 







b. Colpitts 

c. * Clapp 



ANSWERS TO TEST 



.3. a. TBTC 
b. RC 
-c. Pierce 

4. Performance sk.il Is evaluated to the satisfaction of the instructor 
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TRANSMITTERS 
UNIT XIII 



. LJNIT OBJECTIVE 



After completion of this unit, the student shouldbe able to identify the various stages of 
CW, AM, FM, TV transmitters, and those found in a television transmitting system. The 
^student should.also-be able to calculate wavelength-and antenna length .for various types of 
antennas. This knowledge will be evidenced by correctly performing the procedures outlined 
in the assignment sheet and by scoring 85 percent on the unit test. 



^ SPECIFIC OBJECTIVES 

1. Match-terms related to transmitters with their correct definitions. 

2. Identify the stages'found in a CW transmitter. 

3. Identify the stages found in an AM broadcast transmitter. 

4. Identify the stages found in an FM broadcast transmitter. 

* ■* « 
9 V 

5. Identify.the stages found ip a television transmitting system. 

16. Select true statements,concerning the characteristics of antennas, 
7. Calculate wavelength and antenna length. 
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TRANSMITTERS 
UNIT XIII . 

SUGGESTED ACTIVITIES 

Provide student with objective sheet. 

Provide student with in form ation and assignment sheets. 

Make transparencies. 

Discuss unit and specific>objefctives. 

Discuss information and assignment sheet. 

Tour a transmitting facility if possible. 

Give test. 

INSTRUCTIONAL MATERIALS 

Objective sheet 

A. Objective sheet 

B. Information sheet 
C Transparency masters 

* 1 . TM 1 -Continuous Wave Transmitter 

2. TM 2--AM Transmitter 

3. TM 3-FM Transmitter 

4. TM,4--Television Transmitting System . 

D. Assignment Sheet #1 -Calculate Wavelength and Antenna Length 

E. Answers to assignment sheet 

F. Test 

G. Answers to test 
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TRANSMITTERS 
UNIT XIII 

INFORMATION SHEET 

I. Terms and definitions 

A. Transmitter~A device that converts messages into electrical signals which are 
sent on a wire or radiated through space from an antenna 

B. Modulation--The process by which the message signal is used to vary some 
characteristic of a carrier signal, such as amplitude, frequency, or phase 

C. AM (amplitude modulation)--The process by which the message signal is 
used to vary the amplitude of the carrier signal 

D. FM (frequency modulation)-The process by which the message signal is 
used to vary the frequency oithe carrier^signal 

E. CW (continuous wave) trarismitter-^The system for sending! message signal 
by turning the RF carrier on and off r # 

F. Broadcast transmitter (FM or AM) -The system for sending a message signal 
by modulating the R F carrier 

G. Television transmitter- A system which uses FM to transmit the audio 
message signal and AfA to transmit the video message signal 

H. Antenna-A device which radiates into space the power delivered to it 
from the transmitter 

I. RF-Radio frequency 

1 1. CW transmitter stages (Transparency 1 ) 

A. RF oscillator 

B. RFamplifief (buffer) — 
C Power amplifier 4 * ' , 
AM broadcast transmitter stages (Transparency 2) 

A. Audio amplifier 

B. Modulating signal amplifier ' 

C. RF oscillator * 

D. Power amplifier 
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INFORMATION SHEET 

IV,. FM broadcast transmitter stages (Transparency *3) 

A. Audio amplifier 

B. Crystal oscillator 



C. Modulator 

D. Frequency .multipliers 

E. Power amplifier 

a 

V. Television transmitting system stages (Transparency 4) 
A. " Sync generators 



B. Camera and camera circuits 

C. Video amplifier 

D. Line and control amplifier ^ 

E. Modulator * " 

F. RF power amplifier 

G. FM transmitter 
VI. Antennas 

A. Wavelength 

1 . Greek symbol lambda X ' f 

2- \ = c/f where c is the velocity of light in rh/sec and f is frequency in 
hertz; C = 3 x 10 8 m/sec; therefore, X = 3 x 10 8 /f 
(NOTE: X is in meters and f is the frequency in megahertz:) 

B. Hertz antenna (Figure 1) 

1. One-hajf wavelength long 

2. Also called a half-wave dipole antenna 
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INFORMATION SHEET 
3. Does not need to be connected to an earth ground 



FIGURE 1 



-f: 

1/4 

f 

A/4 
A- 



Marconi antenna (Figure 2) 

1. A grounded antenna 

2. Length is "one-fourth wave 1 ' or any odd multiple of. one-fourth 
length 



Antenna — 




T • 

.X/4 

^ Earth's Surface 


Reflected Image—: — 





FIGURE 2 " 
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Continuous Wave Transmitter 



Antenna 






RF Amplifier 
(Buffer) 



Power Amplifier 



r 



Key 



Block Diagram 
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X 

\ 



AM Transmitter 




FM Transmitter 






Antenna 





' Crystal 




Modulator 




Frequency 


- — ► 


Power 


Oscillator 


— ► 




— ► 


Multipliers 




Amplifier 



Block Diagram 
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Television Transmitting System 



Antenna 



Video 
Information 



Sound 





Block Diagram 



Transmitters 
unit xmi 



ASSIGNMENT SHEET #1-GALCUL£TE WAVELENGTH AND ANTENNA LENGTH 



1 . Calculate the wavelength (X) for a signal. 
ONJOTETTrequency = 1 MHz.) | 
X = | meters 



2. Calculate the length of a marconi and a hertz antenna. 



(NOTE: There will, be resonance at 
a.. Hertz antenna length = 



his frequency.) 



b. Marconi antenna length = 



meters ■ 
meters 
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' "TRANSMITTERS 
UNIT XIII 



ANSWERS TO ASSIGNMENT SHEET 



1. X = 300/1 = 300 meters 

2. a. Hertz = X/2 = 300/2 = 1 50 meters 
b. Marconi = X/4 = 300/4 = 75 meters 
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NAME 

TEST 

Match" the terms on the- right with their definitions. - 



a. A device that converts messages into electrical 
signals which are sent on a wire or radiated 
through space from an antenna 



_b. the process by which the message signal 
~~ is used to vary some characteristic of a 

carrier signal, such as amplitude, frequency, 

orphase 

* > 

9 

_c. The process by which the message signal 
is used to vary the frequency of the carrier 
signal 

ji the process by which the message signal 
] , is used to vary the amplitude of the carrier 
signal 

_e. ,The system for sending a message signal 
by'iurning the RF carrieron and off 

f. The system for sending a^ message signal 
by modulating the RF carrier 

g. A system which uses FM to transmit the 
~" audio message signal and AM to transmit 

the video message signal 

h. A device which radiates into space the power 
delivered to it from the transmitter 



1. Antenna 

2. Modulation 

3. CW transmitter 

4. AM . 

5. Broadcast 
transmitter 

6. FM 

7. Television 
transmitter 

8. Transmitter 

9. RF 



i. Radio frequency 
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2. Identify the stages found hv-the following CW transmitter. 



Antenna 




a.. 



r 

/ 



Key 



3. Identify the stages found jn the following AM broadcast transmitter. 



Microphone 




Antenna 
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4. Jdentify the stages found in , the following FM transmitter. 



Antenna 





a. 
b. 



e. 



c. 
d. 



Antenna 



5. Identify the stages found in the following television transmitting system. 



Video 
Information" 



Sound -^D—^ 

a. _ 

b. _ 

+ ■ 

c. 



A" 





b. 




c. 


— 


d. 




e. 














f. 














- — % 







/ 



Select true statements concerning the characteristics of antenViasTby placing an "X" in 
the appropriate blanks. ' 



a. The Greek symbol lambda eqi/als c/f where c is the velocity of light in 

m/sec and f is frequency in hertz 

b. The-hertz antenna is also called a full-wave dipole antenna 

-./'•.,. 

c. The hertz antenna does not need to be connected to an earth ground 

d. The. Marconi aptenna is a grounded antenna 

e. The Marconi antenna is "one-fourth wave" or any odd multiple of one- 

* fourth wavelength - 

Calculate wavelength and antenna length. 

(NOTE: If this activity has not been accomplished prior to the test, ask your instructor 
when It should be completed.) 
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ANSWERS TO TEST 



1. 


a. 


8 e. 


3 






2 ■ f 


*j 




c. 


6 a 


' 7 




d. 


4 h. 


1 


2. 


a. 


RF oscillator 






b. 


RF amplifier * 






c. 


Power amplifier 




3. 


a. 


Audio amplifier 






b. 


Modulating signal 


ampj 




c. 


RF oscillator 






d. 


Power amplifier 




4. 


a. 


Audio amplifier 






b. 


Crystal oscillator 






C. ' 


, Modulator - * v 






d; 


Frequency multipl 


iers* 




e. 


Power amplifier 





a. Sync generators 

b. Camera and camera circuits 

c. Video amplifier 

d. Line and control amplifier 

e. Modulator 

f. a RF power amplifier 

g. FM transmitter 

a, c, d, e 

Evaluated to the satisfaction of the instructor 
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RECEIVERS 
UNIT XIV 



UNIT OBJECTIVE 
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After completion/^ this unit, the student should be able to locate and identify the major 
stages of AM and FM receivers. This knowledge will be evidenced by. correctly performing 
the procedures outlined in the job sheet and by scoring 85 percent on the unit test. 



SPECIFIC OBJECTIVES 

After completion of this unit/the student should be able to: / 

1. Match terms related to receivers with the correct definitions. 

2. Identify the stages in an AM superheterodyne receiver. 

3. Identify the stages in an FM receiver. 

4. Select the frequency rangfes for AM and FM broadcast st^ions. 
5; Select true statements concerning the responsibilities of the FCC. 

6. Select true statements concerning the RF amplifier stage in AM and FM receivers. 

7. State the output frequencies of the mixer stage given the frequency of the RF 
signal and the local oscillator frequency. 

8< : Select true statements concerning the IF amplifier stage of AM and FM receivers. 

9. Select true statements concerning the AM detector stage. 

10. Select true statements concerning the hmiter stage in an FM receiver. 

11. Select true statements concerning an FM detection circuit. 

12. Demonstrate the ability to locate and identify the major stages of .AM/FM 
receivers. 
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RECEIVERS 
UNIT XIV . 



« SUGGESTED ACTIVITIES 

I. * Provide student with objective sheet. 

II. Provide student with information-arid job sheets. 

III. Make transparencies, 

IV. Discuss unit and specific objectives. 

V. Discuss information sheet; 

VI. Demonstrate and discuss the procedures outlined in the job sheet. 

VII. Give test ; 

INSTRUCTIONAL MATERIALS, 

I. Included in this unit: 

A. Objective sheet 

» 

B. Information sheet 

C. Transparency masters 

J 1. TM 1-AMSuperheterodyne Receiver Block Diagram 
2. TM 2-FM Receiver Block Diagram 

D. Job Sheet #1- Locate and Identify the Major Stages of AM/FM Receivers 

E. Test 

F. Answers to test 

II. References: . * 

A. The Radio Amateur's Handbook. Hartford, CT: American Radio RelaylL 
League, 1962. / 

B. DeFrance, J.J. Communications Electronics Circuits. New York: Holt, 
RinehagpWinston Publishing Co., 1966. 
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RECEIVERS 
UNIT XIV 

4 INFORMATION SHEET 

Terms and definitions 

A. Receiver-Selects a particular signal that is present on an antenna, removes 
the carrier frequency, and amplifies the message signal enough to drive, a load 
(speaker or headphones) 

B. AM receivef--A receiver designed to receive an amplitude-modulated signal 

C. FM (frequency modulated) receiver--A receiver designed to receive a 
frequency-modulated signal 

D. Selectivity-The ability of a receiver to select one signal and reject all others 

E. ^ Sensitivity-The ability of a receiver to amplify a small signal * 

F. RF frequencies-Those frequencies designated as carrier frequencies for radio- 
systems (3 kiloheftz to 3,000,000 megahertz) 

G. Local oscillator-Stage which produces an unmodulated variable RF signal 

H. Mixer-Mpdulates or heterodynes the RF signal from the anter^na (RF 
amplifier) with the local oscillator RF signal 

I. IF (intermediate frequency)-The frequency that results from mixing an 
RF signal from the amplifier with the local oscillator RF signal; it is then 

amplified by the IF amplifier 

> 

J. Detector-Stage in a receiver that separates trie IF frequency from the ' 
message signal 

(NOTE : A detector is also called a demodulator.) 

K. Audio amplifier-The amplifier designed to amplify the message portion 
of the signal' 

L Limiter-Removes or clips the upper and lower amplitude portions of the 
, signal waveshape which removes most of the noise in an FMreceiver 

M. Discriminator-Separates the IF from the message signal in an FM* receiver 

N. A VC/AGC (automatic volume/gain control)-lncreases the gain of a receiver 
* when the signal becomes weak and decreases the gain of the receiver when 
the signal becomes strong 

6. AFC (automatic frequency control)-Assures a constant IF center fre- 
quency by keeping the local oscillator frequency separated from the RF 
amplifier signal by a fixed amount in FM receivers 
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INFORMATION SHEET 

P. Converter-Stage which combines both local oscillator and mixer stages 
into one- stage 

Stages in an AM superheterodyne receiver (Transparency 1 ) 

A. Antenna 

B. RF amplifier 

C. Mixer 

D. Local oscillator 

E. If amplifier . - $ 

F. Detector 

G. Audio amplifier 

H. " Speaker / / 
Stages in an FM receiver (Transparency 2) 

A. Antenna 

B. RF amplifier 

C. Mixer 

D. Local oscillator* 

E. Wide band IF amplifier 

F. Limiter 

G. Discriminator 

H. AF amplifier 
f. Speaker 



IV. \ AM and FM broadcast station frequency ranges 



A. 



AM^535 kilohertz to 1605 kilohertz 



V. 



\ 

B. \^FM : -88 megahertz to 108 megahertz 

FCC (federal Communication Commission) responsibilities 

A. Licenses broadcast stations and station operators 

B. Assigns broadcast frequencies 

C. Regulates operation of broadcast stations 
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RF amplifier stage in AM.and FM receivers 

A, Selects one carrier frequency 

B. Variable tuning - 

C, Operates over x a wjde frequency range 

D. Lower gain than an amplifier designed for one specific frequency 
F. May be omitted from inexpensive receivers 
Mixer output frequencies 

A. RF frequency 

B. Local oscillator frequency 

C. L8cal oscillator frequency minus RF frequency 

D. Local oscillator frequency plus RF frequency 

Example: If RF = 760 kilohertz and the local oscillator signal is'1216 
kilohertz, the output from the mixer will consist of four 
different frequencies: (1) 760 kilohertz, (2) 1216 kilohertz, 
(3) 1976 kilohertz, and (4) 456 kilohertz 

IF amplifier stage in AM and FM receivers 

A. Tuned to IF frequency kilohertz "° 

B. . Amplifies a narrow band of frequencies 

C. Generally consists of two or three stages of amplification 
AMd^tector stage „ 
jA\ Eliminates either the positive or the negative half of the carrier 
^B. Filters out the RF component leaving only the message waveform 

/ Limiter stage in an FM receiver , ' * 

/ ■ 

A. Removes the amplitude modulation 

B. Limits the signal to a constant amplitude 

C. Removes most of the noise from the F M signal 
FM detection circuit 

> 

A. Known as a descriminator or ratio detector 

*B. Output i$ a function of frequency variation ° 
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AM Superheterodyne Receiver 
' Block Diagram 



^Antenna 

(540-1600KHZ J 



RF 
' Amplifier 




RF Signal 




Speaker 

] (455 kHz) (20-20000Hz)(20-20000Hz)^ 



Detqctor 



(NOTE : When oscillator and mixer are 
combined into one stage the result 
is called a converter. ) 
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FM Receiver Block Diagram 



Antenna 
(88-108 MHz) 




• • Speaker 

/4 _ ' (20-20000)120-20000^ 
(10.7MHz) (10.7MHz) Hz . Hz 



( 98.7-118.7 MHif 



Local 
Oscillator 



Wide Band 








IF. 




Li miter 




Amplifier 









Discrim- 
inator 
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, RECEIVERS 
UNIT XIV 



JOBSJHEET #1 -LOCATE AND IDENTIFY THE 
MAJOR STAGES OF AM/FM RECEIVERS 



Topis and equipment 

A, An available AM/FM receiver / 

B. Schematic diagram for the receiver (Figure 1) 

(NOTE TO INSTRUCTOR: If the class is constructing a receiver kit, use 
the kit schematic and the kit for this job sheet) 

Procedure 

A. Locate the power supply section in your receiver schematjc 

B. Determine the type of power supply used by the receiver, full-wave, half- 
wave, doubler, or some other type 

C. Locate the power amplifier (audio amplifier) section of the receiver 

D. Identify the detector section on your schematic 

(NOTE: The stage preceeding the power amplifier is the detector.) 

E. Locate the IF amplifier of your receiver and determine how many stages 
of amplification there are in the IF section 

F. Locate the mixer arid the local oscillator or the converter 

G. Locate the AVC/AGC-section 

H. Locate the R F amplifier stage * J 
(NOTE: All receivers may not have an RF amplifier section.) 

I. Identify each of the above sections of the receiver that you found on the 
schematic by locatirig it in the receiver' 

(CAUTION: DO NOT plug in the receiver.) 

J. Locate the antenna of your receiver 



34j 



Figure 1 



A Typical 

AM Receiver 
Schematic 



For Transformerless Phase { 
Inverter, substitute the 
schematic below at point A 




to 

00 



ON OFF SWITCH 

PART OF RU 3V BATTERY 
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UNITXIV 



'.NAME. ■ 
TEST 

1. Match the terms on the right with, the correct definitions, 

_a. Separates the IF from -the message signal 

in an FM receiver 

b. A receiver designed to receive a frequency- 
modulated signal 



_c. The ability of a receiver to amplify a small 
signal 

ji Stage in a receiver that separates the IF 
frequency from the message signal 

_e. The amplifier designed to'amplify the message 
portion of the signal 

_f. Removes or clips the upper and lo&er 
amplitude portions 'of the signal waveshape 
which removes most of the noise in an FM 
receiver 

jj. Assures a constant _Jii_center„ frequency 
by keeping the"Tocal oscillator frequency 
separated from the RF amplifier signal by a 
fixed amount in.FM receivers 

_h. Stage which produces an unmodulated vari- 
able RF signal 

j. Modulates or heterodynes the RF signal 
from the antenna with the local oscillator 
RF signal 



j. The frequency that results 'from mixing 
an RF signal from the amplifier with the 
local oscillator RF signal; it is then amplified 
by the IF amplifier 



k. Selects a particular signal that is present on an 
antenna, removes the carrier frequency, and 
amplifies the message signal er^^h to drive a 
load 



1. Detector 

2. AFfc 

/ 

3. , f . ■ 

4. FM receiver 

5. j Mixer 

6. j AM receiver 
7j. Limiter 

8. Discriminator 
^9. Selectivity 
/10. Audio amplifier 

11. RF frequencies 

12. AVC/AGC 

13. Local oscillator 

14. Receiver 

15. Sensitivity 

16. Converter 



j. Stage which combines both local oscillator 
and mixer stages into one stage 
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m. The ability of a receiver to select one signal 

and reject all others 

n., A receiver designed to receive an amplitude- 

— [TO^QtatFd^signal ~ " " 

* o. Those frequencies designated as carrier - 

frequencies for radio systems 

* p." Increases the gain of a receiver when the 

s/gnal becomes yveak and decreases the gain of J! 
the receiver when the signal becomes strong 

2. Identify the stages in the AM superheterodyne receiver in the block diagram below. 
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a. 
b. 



e. 
f. 
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3. Identify the stages in the FM receiver in the block diagram below. 




a, 

b. 
c. 
d. 



e. 

f. 

;g. 



4. Select 'the frequency ranges»for AM and FM broadcast stations from the list given 
below by writing AM or.FM in the appropriate blanks. 

20 hertz to 20 kilohertz. \ 

b. 88 megahertz to 1 08 megahertz 

<* 

c. 30 megahertz to 300 megahertz \ 



d. 535 kilohertz to 1605 kilohertz 



5. Select true statements concerning the responsibilities of the FCC by placing an "X" in 
the appropriate blanks. 

_a. Licenses broadcast stations 

b. Licenses station operators 

c. Assigns broadcast frequencies 



d. Regulates opeVation of broadcast stations 
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6. Select true statements concerning the RF amplifier stage in AM and FM receivers 
by placing an "X" in the appropriate blanks. 

j a*-~AmpJ^s,pne — 

b. Variable'turning 

c. Must be included in all receivers 

d. Selects one carrier frequency 

» e. Operates over a wide frequency range 

i. State the output frequencies of a mixer stage'if the RF signal frequency is 930 kilo- 
hertz and the local oscillator frequency is 13o6 kilohertz. 

a. ■ kilohertz 

b. s kilohertz 



c. kilohertz \ 

* 

d. kilohertz 



8. Select true statements concerning the IF amplifier stage in AM and FM receivers 
by placing an "X" in the appropriate blanks. 

a. Generally consists of two or three stages of amplification 

b. Single stage amplifier 
e—Tuned^to-IMrequency kilohertz 

d. Variable frequency tuning 

e. Amplifies a wide band of frequencies 

9. Select true statements concerning the AM detector stage by placing an "X" in the 
appropriated fanks. •* m 

. a. Eliminates both the positive and negative half of the carrier 

b. Eliminates either the positive or the negative hur of the carrier 

c. Filters out the*RF component leaving only the message waveform 

d. Filters out' both the RF component and the message waveform 

10.- Select true statements concerning the limiter stage in an FM receiver by placing an "X" 
in the appropriate blanks.. 

a. Removes the amplitude modulation 

b. Separates audio signal from R£ scanner signal 

c. Limits the signal to a constant amplitude , 

d. Removes most of the noise from the FM signal 



343 



BE 11-433 



11. Select true statement concerning an FM detection circuit by placing an "X" in the 
appropriate blanks. 



_a. Known as a discriminator 

_b. Also called a ratio detector 

_c. " Output is a function of frequency variation 



12. Demonstrate the ability to locate and identify the major stages of AM/FM receivers. 

(NOTE: If this activity has not been accomplished prior to the test, ask you/ instructor 
'when it should be completed.) * 
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RECEIVERS 

Unit xiv 

\ 

ANSWERS TO TEST 



a. 


8 


i." 


5 


b. 


4 


j- 


3 


c. 


15 


k. 


14 


d. 


1 


I. 


16 


e. 


10 


m. 


9 


f. 


"7 


n. 


6 


g- 


2 


0. 


11 


h. 


13 


P- 


12 



V 



2. * a. Antenna 

b. RF amplifier \ 
Mixer \ 

d. Local oscillator 

e. IF amplifier 

f. Detector* 

g. Audio amplifier 

h. Speaker 

3. a. Antenna 

b. RF amplifier 

c. Mixer 

d7 Local oscilTa tor 7~ 

e. Wide band IF amplifier 

^ f. Limiter 

g. Discriminator 

hi AF amplifier 

i. Speaker 

4. b. FM d. AM 

J 

5. a, b, c, d 

6. b,d,e 

7. Answer must show the following four frequencies; order makes no difference 

a. 2316 kilohertz (sum) 

b. 456 kilohertz (difference) 

c. 930kilohe<*> ^ ) v " 

d. 1386 kilohertz (Local oscillator) 

8. a,c . . B- 

9. b>c , - * 

# * 

10. a, c, d 

11. a,b,c 

12. Performance skills evaluated to the satisfaction of the instructor 
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ELECTRON TUBES 
-i— ONITXV 



UNIT OBJECTIVE 



After completion of this unit, the student should be ablevto identify schematic symbols for 
basic vacuum tubes and special tubes,^ identify typical characteristic curves for various 
electron tubes, and construct and test a\vacuum tube diode circuit. This knowledge will be 
evidenced by correctly performing the»procedures outlined'jn, the job sheet and by scoring 
85 percent on the unit test. * : 



SPECIFIC OBJECTIVES 



After completion of this unit, the student shoul^i be able to: x 

1 . Match terms related to electrop tubes with their correct definitions. \ 

2. Identify the schematic symbols for diodes, triodes, pentodes, tecrodes, beam- 
power tubes, and thyratrons. I » 

3. Label the pin numbers given the bottom views of tubes. 

4. Identify typical characteristic curves for diode, tfiode, and pentode vacuum tubes. 

5. Demonstrate the ability to construct and test a vacuum tube diode rectifier. 



« >. 
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Answers to test 



Referencksk RCA Receiving Tube Manual. Harrison, N.J.: Radio Corporation 
of America, n)73. 
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-E-L ECT-RQN-T:UB£S. 
UNIT XV 



SUGGESTED) ACTIVITIES 

I. Provide student with objective sheet.. 
•I I. Provide student with information and job sheets. 

III. Make transparencies. 

* * * 

IV. . Discuss unit and.specific objectives. * 
1 V. Discuss information sheet 

* 

VI. Demonstrate'and discuss the procedures outlined in the job sheet, 
VII. Show various types of tubes. 
Wll. Give test. 

■ . INSTRUCTIONAL MATERIALS 



Incfuded in this unit: 

y 

A. Objective sheet 

B. Information sheet 

C. Transparency masters c; 
7 • 1 . f M 1 -Schematic Symbols for Diodes 

-2. TM 2-Schematic Symbol for Triodes 7 

3. TM 3-Schematic Symbol for Tetrodes 

4. TM 4«Schematic Symbol for Pentodes 

^5. TM 5-Schematic Symbol for Beam-Power Tubes 

6. TM 6--Schematic Symbol forThyratrons 

7. TM 7-Diode Characteristic Curve 

8; TM 8-Triode Characteristic Curve 

* 

*** 9, TM 9-Pentode Characteristic Curve * \ 

D. Job Sheet #t-Constructand Test a Vacuum TubeJDiode Rectifier 



i: 



ERIC 



353 



ELECTRON TUBES 
UNIT XV 



INFORMATION SHEET - ^ 

.Terms and definitions 

A. Electrodes-The basic internal parts of a vacuum tube, usually consisting of 
cathodes, grids, and plates 

B. Cathode-The electrode which emits electrons 
(NOTE : The cathode is, similar to an emitter.) 

C. Grid-The electrode which controls electron flow 

D. Plate-TRaelectrode which attracts electrons 

E. Pins-Conductors used to connect the tubes electrodes to external circuits 

F % Diode (vacuum t Jbe)-An electronic tube that has two electrodes, a cathode 
and a plate , 

(NOTE: It serves the same function as a solid state diode.) 
6. FiJament~A directfy-heated cathode 

H. Heater- A small conducting wire which indirectly heats the cathode 

I. Triode-A vacuum tube containing three electrodes: cathode, plate, and 
control grid ' 

j. Control grid-The* grid nearest the cathode in a vacuum tube which has 
,the greatest control over electron flow 

K. ; Interelectrode capacitance-Capacitance between any two electrodes in 
a vacuum tube 

t ' J {NOTE: Plate to grid capacitance, Cgp; plate to cathode capacitance, Cpk; 
grid to cathode capacitance, Cgk.) 

L. Tetrode-A tube with four electrodes: cathode, control grid, screen grid, and 
plate ^ * . 

M> Screen grid-A grid placed between the plate^and the control grid in a tetrode 
which helps to reduce the effects of interelectrode capacitance 

N. -Secondary emission-Impact emission of electrons from the plate caused 
by high speed collisions of cathode-ertii'ted electrons with the plate 

0, Pentode-A tube with five electrodes: cathode, control grid, screen grid, 
suppressor grid, and plate 
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Suppressor grid-Grid placed between the plate and the screen grid in .a 
pentode which reduces<the effect of secondary emission 



Beam-power tube-A tube designed so Jthat the electrons flow in concen- 
trated beams from the cathode through tyhe grids to the plate 

Multiunit tube-A tube in which the electrodes of two or more tube types are 
placed /in the same envelope / 



Gas tube-An electron tube, which: has the electrodes enclosed in a gas-filled 
enveldpe / 

Vacuiim tube--An electron tube ^hich has the electrodes enclosed in an 
evacuated envelope > 



ThyVatron-A gas-filled tube that lises a grid to initiate the ionizing process of 
thegas . / 

/ 0 ■ . j ' 

Thermionic emission-The /'boiling off" of electrons from the cathode 
b^ thermal excitation j 

Envelope-Enclosure, usually gjass, around the electrode of a vacuum-tube 



Schematic symbols for tubes 

A. Diode (Transparency 1 ) 

B. Jriode (Transparency 2) 

r 

C % Tetrode (Transparency 3) 

D. Pentode (Transparency 4) 

E. Bqam power tube (Transparency 5) 

F. Thyratron (Transparency 6) 



Tube 



pin\iu 



mbers 



A. Seven pin tube 

Bottom View of Tube 




B. Eight pin tube (octal) 
Bottom View of Tube 
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INFORMATION SHEET 



C. Twelve pin compactim 
Bottom View of Tube 




D. Nine pin tube 

Bottom View of Tube 



JV. Typical characteristic curves 
'A. . Diode (Transparency 7) 

B. Triode (Transparency 8) 

C. Pentode (Transparency 9) 
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Directly Heated 
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mis for Diodes 




Cathode 



Heater 



Indirectly Heated 



Schematic Symbol for Triodes 



Plate 




Control 
Grid ' 

Cathode 

Heater 



3G0 



Schematic Symbol for Tetrodes 



Plate 



Control 
Grid 



Cathode 




Screen 
Grid 



Heater 
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Schematic Symbol for Pentodes 



Plate 



Control 
Grid 




Cathode 



Suppressor 
Grid 



Screen 
Grid 



Heater 
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Schematic Symbol 
for Beam Pov.er Tobes 




0 



363 ■ 

TM5 



BE II -455 



Schematic Symbol for Thyratrons 



Control 




Cathode 



Thyratron 



4 >i 



Designates 

Gas. Filled 
Envelope 



Heater 
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Diode Characteristic Curve 



r 

Plate 
Current 

In ma 




Paint of 
Satu ratio ri 



+20 +40 . +60 +80 +100 



Plate Voltage 



V? 



Pentode Characteristic Curve 



•ERjC , r. 



'</> 

E 




50, . ,100 
. '■ Hi?- 



150 .200 250 300 
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ELECTRON TUBES 
UNIT XV 



JOB SHEET #1--CONSTRUCT AND TEST A VACUUM 
TUBE DIODE RECTIFIER 

Tools and equipment and materials 

A. Variable AC power supply (e.g. Variac) 

B. Multimeter 

C. Oscilloscope 

D. 6.3 Volt filament power supply 

E. Vacuum diode type 6AX5 or equivalent. . 

F. Octal type socket 

G. Graph paper 

H. MOK resistor, 5W 
Procedure 

A. Connect the circuit shown below 

(NOTE: Small numerals indicate pin numbers.) 



Variable 
AC Power 
Supply 





6AX5 



6.3V t 
- Filament 
;> Supply 



220S1 



(CAUTION: Do not turn on the $ower supply until your instructor has 
checked your wiring.) 

B. Turn on the filament power supply and let the tube warm up for approxi- 
mately two minutes 

C. Adjust the AC power supply for 110 volts as indicated on the multimeter 

D. Connect the oscilloscope across the AC power supply and adjust the oscillo-, 
scope controls until approximately two cycles appear on the screen 

£. Make a sketch of the waveshape indicating the height of the waveshape . 
showa on the oscilloscope 
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JOB SHEET #1 

F. Without adjusting, the scope controfs, move the leads across the resistor 

G. Make a sketch of the waveshape indicating the height-of the waveshape 
shown on the oscilloscope 

H. Compare the two sketches made in parts F arid H 

I. Using the multimeter, measure the DC voltage output across the resistor 

« 

(NOTE: Be sure to observe proper polarity.) 
J. Check your results and sketches with your instructor 



DATA TABLE 



Vin 
(Volts) 



V 



v 



(Wits) 



Time 
(m sec.) 



Time 
(m sec.) 



Measured DC Output Voltage 



7p 



er|c 
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NAME 

*5 - 

test' 

1. Match the terms on the right with the correct definitions. 



a. The basic internal parts of a vacuum tube, 
usually consisting of cathodes, grids, and 
plates 



_b. The electrode which emits electrons.. 

_c. The electrode which controls electron flow 

_d. The electrode which attracts electrons 

_e. Conductors used to connect the tube's 
electrodes to external circuits 

Jt. An electronic tube that has two electrodes, a 
cathode and a plate 

_g. A directly-heated cathode 

_h. A snrJall conducting wire which indirectly 
heats the cathode 

L A vacuum tube containing three electrodes: 
cathode, plate, and control grid 

j. The grid nearest, the cathode in a vacuum 
tube which has the greatest control'over 
electron flow 



; k. Capacitance between any two electrodes 
in a vacuum tube. 



J. A tube with four electrodes: cathode, control 
grid, screen grid, and plate 

jn. A grid placed between the plate and the 
control grid in a tetrode which helps to 
reduce the effects of interelectrode capaci- 
tance 

_n. Impact emission of electrons from the' plate 
caused by high speed collisions of cathode- 
emitted electrons with the plate 



1. 


Diode 


2. 


Triode * 


_ 3, 


.Tetrode 


4. 


Pentode 


5. 


thyratron 


6. 


Electrodes 


7. 


Grid 


8. 


Plate 


9. 


Interelec- 




trode capaci- 




tance 






10. 


Gas tube 


11. 


Cathode 


12. 


Pins 


13. 


Filament 


14. 


Heater 
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_o. A tube with five electrodes: cathode, control 
grid, screen* grid, suppressor grid, and plate 

jd. Grid placed between the plate and the screen 
grid in a pentode which reduces the effect of 
secondary emission 

_q. A tube designed so that the electrons flow in 
concentrated beams from the cathode 
through the grids to the plate 

r. A tube in which the electrodes of two or 



15. Multiunit tube 

16. Envelope 

17. Vacuum tube 

18. Thermionic emission 

19. Beam-power tube 

20. Screen grid 
_21_. ^Suppressor grid 

22. Secondary emission 

23. Control grid 



- more tube types_aje_placed-~in— the* same 
— ^envelope 

s. An electron tube which has the electrodes 

enclosed in a gas-filled envelope 

t. An electron tube which has the electrodes 

e , enclosed in an evacuated envelope 

Mj. A gas-filled tube that uses a grid to initiate the 

ionizingprocess of the gas 

v. The "boiling "off" of electrons from the # 

cathode by thermal excitation 

w . Enclosure, usually glass, around the electrode 
of a vacuum tube 

# 

Identify the schematic symbols for diodes, triodes, pentodes, tetrodes, beam-power 
tubes, and thyratrons from the schematics that follow. 







d. 





"f. 
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, 3, Label the pin numbers of the tubes shown below. 



b. 




> 4. identify typical characteristics curves for the diode, triode, end pentode vacuum tubes 
shown in the diagrams that follow. \ 




a. 



& lo 



Plate 

Current ie 
In ma 




Point of 
Saturation 



+20 +40 +60 +80 +100 



<D 
<D 

a 
E 

CD 



10 

8 
6 
4 



= 


180 volt 


• 

s 




Egi = 0 












-2 
























-4 












-6. 












-8 












L " 10 





0 



50 100 150 200 250 300 



Demonstrate the ability to construct and test a vacuum tube diode rectifier. 

(NOTE: If this activity has not been accomplished prior to the test, ask your instructor 
when it should be completed.) 
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ELECTRON TUBES 
UNIT XV 



ANSWERS TO TEST 



a. 


6 




13 


m. 


20 


s. 


10 


b. 


11 


■ 1 


14 


n. 


22 


t. 


17 


c. 


7 


i. 


2 


0. 


4 


u. 


5 


d. 


8 


j. 


23 


P- 


21 


V. 


18 


e. 


12 


k. 


9 


q. 


19 


w. 


16 


f. 


1 


I. 


3 


r. 


15 







2. a. 
b. 
c. 
d. 
e. 
f. 

3. a. 



a. 
b. 
c. 



Pentode 
Diode 
Tetrode 
Triode , 

Beam-power tube 
Thyratron 



Pentode 

Diode 

Triode 





5. Performance skills evaluated to the satisfaction of the instructor 
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